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LITERATURE REVIEW 
The ob jec t ive  of t h i s  i n v e s t i g a t i o n  is t o  determine t h e  
e f f e c t s  t h a t  c a t t l e  have had on vege ta t ion  and s o i l s  of the  
mountain parkland ecosystem of Mauna Loa on t h e  i s l a n d  of 
Hawai' i .  A po r t ion  of t h i s  ecosystem is contained within Hawaii 
Volcanoes National  Park and has been protec ted  from c a t t l e  
graz ing  s ince  1948. The mountain parkland ecosystem extends from 
t h e  Park i n t o  neighboring ranchlands,  where c a t t l e  grazing 
continues.  I n  t h i s  study, g r a s s  and shrub communities of t h i s  
ecosystem i n  the  Park were compared with corresponding 
communities of the  adjacent  ranch. Di f fe rences  i n  vegeta t ion  and 
s p e c i e s  composition were quan t i f i ed ,  and va r ious  s o i l  parameters 
were examined t o  determine whether edaphic f a c t o r s  d i f f e red  i n  
t h e  two areas .  
A s  the  Hawaiian I s l a n d s  support  no indigenous mammal species  
o t h e r  than the  hoary b a t  ( ~ a s i u r u s  c inereus)  and t h e  monk s e a l  
Monachus schauinslandi  ( ~ o m i c h  1 9 5 9 m t h e  mountain parkland 
ecosystem and a l l  o ther  Hawaiian land ecosystems evolved i n  the  
absence of l a rge  herbivores (plant-ea t i n g  animals) . Thus the  
Hawaiian f l o r a  has not  undergone s e l e c t i o n  f o r  r e s i s t a n c e  t o  
herbivory. The in t roduct ion  of l a rge  mammals began a t  t h e  end of 
t h e  1 9 t h  centurv and has included c a t t l e  (BOS tau rus ) ,  sheep 
( % i s  a r i e s  and " 0. musimon) , goa t s  ( ~ a p r a  h i rcus)  , deer   xis -
a x i s a n ~ c o i l e u s  h e w ,  and p igs  (SUS sc ro fa ) .  
- 
The purpose of t h i s  l i t e r a t u r e  review is t o  a s c e r t a i n  how 
c a t t l e  and o the r  l a r g e  mammalian herbivores  have a f f e c t e d  n a t u r a l  
vege ta t ion  i n  various p a r t s  of t h e  world. Ecosystems with 
indigenous mammalian herbivores and those  which have evolved i n  
t h e  absence of l a rge  animals a r e  considered f o r  the  purpose of 
determining whether the two types of ecosystems a r e  d i f f e r e n t l y  
a f f e c t e d  by herbivores.  These examples of herbivory i n  o ther  
p a r t s  of the  world may lend i n s i g h t  t o  t h e  impact of introduced 
animals  i n  the  mountain parkland of Mauna Loa a s  well  a s  i n  o ther  
p a r t s  of the  Hawaiian I s l ands .  
E f f e c t s  of Grazing 
Grazing by any l a rge  mammalian herbivore has the  obvious 
e f f e c t  of removal of biomass from p l a n t s  i n  the  community. Some 
w r i t e r s  have claimed t h a t  grazing may a c t u a l l y  b e n e f i t  the  
vege ta t ion  of an area  (weaver & Rowland 1952, Kel t ing  1954, 
Duvall 1952, Reardon & X e r r i l l  1975) . E l l i s o n  (1 960) summarized 
t h e  supposed b e n e f i t s  a s  a s t imula t ion  of herbage production, 
increased  drought r e s i s t a n c e ,  mulch removal, t r anspor t a t ion  and 
p l a n t i n g  of seeds,  formation of t r a i l s  t h a t  check the  flow of 
water  downslope, and f e r t i l i z a t i o n  of  s o i l .  However, i n  
E l l i s o n ' s  opinion,  the re  was no r e a l  evidence t o  support  these  
c la ims f o r  b e n e f i c i a l  e f f e c t s  of grazing on vegetat ion.  
Another view held by many w r i t e r s  is t h a t  only overgrazing 
has  a  d e l e t e r i o u s  e f f e c t  on vegeta t ion  ( ~ u m ~ h r e ~  1952). Some 
r e s u l t s  of overgrazing a r e  an a l t e r a t i o n  of spec ies  composition 
wi th  e x t i n c t i o n  of pa la t ab le  p l a n t s ,  th inning of vegeta t ion  
cover ,  trampling of s o i l ,  s o i l  e ros ion ,  and invas ion  of shrubby 
o r  weedy spec ies  ( s toddar t  & Smith 1943). The d i s t i n c t i o n  
between overgrazing and simple grazing may be q u i t e  sub jec t ive  
and v a r i e s  with t h e  author and ecosystem. 
Ares and Leon (1372) s t a t e  t h a t  grazing can be a  f a c t o r  
l i m i t i n g  s t a b i l i t y  through the  removal of biomass. There is  
specu la t ion  t h a t  t h e  world 's  grass lands  may not  be c l ima t i c  
cl imaxes,  bu t  r a t h e r  i n  s s t a t e  con t ro l l ed  i n  p a r t  by b i o t i c  
f a c t o r s  including grazing ( ~ o o r e  1956). 
A f a c t o r  i n  any cons idera t ion  of e f f e c t s  of grazing on 
vege ta t ion  is  the  species  of herbivore involved. Various 
herbivores ,  inc luding domestic l i ves tock ,  have preferences  f o r  
d i f f e r e n t  types of food p l a n t s  ( i . e . ,  g ras ses ,  f o r b s  o r  woody 
p l a n t s )  and may a f f e c t  the  same type of vegeta t ion  d i f f e r e n t l y  
due t o  d i s s i m i l a r i t i e s  i n  the  mechanics of feeding behavior. 
Grazing by l a r g e  herbivores may a f f e c t  the  s o i l ,  p l a n t ,  and 
animal components of an ecosystem. Herbivores may a l t e r  both the  
s p e c i e s  composition and s t r u c t u r e  of the  n a t u r a l  vegeta t ion  of an 
a rea .  S p e c i f i c  examples of such e f f e c t s  of grazing a r e  
considered i n  t h e  fol lowing sec t ions .  
Inf luence  of C a t t l e  on Vegetat ion 
C a t t l e  a r e  among the  most important l a r g e  herbivores of the  
western world from an economic standpoint ;  they have accordingly 
s t imula ted  a l a r g e  number of s t u d i e s ,  a s  well  a s  t e x t s  on range 
management and e f f e c t s  of grazing on pas ture  condit ions.  An 
e a r l y  reference  t o  the  v i s i b l e  e f f e c t  of domestic c a t t l e  on 
vege ta t ion  occurs i n  one of Darwin' s Journa l s  ( ~ a r w i n  1839) . 
While on a t r i p  through the  pampas of Argentina, Darwin noticed a 
marked change i n  vegeta t ion  cover on opposing s i d e s  of a  r i v e r .  
Due t o  c a t t l e  graz ing ,  n a t u r a l  vegeta t ion  changed from "coarse 
herbage t o  a  c a r p e t  of f i n e  green verdure." 
S ince  Darwin's time many s t u d i e s  have been c a r r i e d  out  t o  
determine s p e c i f i c  e f f e c t s  of l i ves tock  grazing.  Many American 
au thor s  have repor ted  t h a t  c a t t l e  grazing may r e s u l t  i n  
indigenous g rasses  being replaced by f o r b s  (weaver & Albertson 
1940; Weaver & Darland 1948; Colman 1953). Such changes may 
occur i n  shor t -grass  a reas  and bunchgrass regions under heavy 
graz ing  ( s t o d d a r t  & Smith 1943). Livestock grazing i n  lower 
e l e v a t i o n  grass lands  of southwestern Idaho have had t h e  e f f e c t  of 
- 
r ep lac ing  the  n a t i v e  bunchgrass, whea tg ras~  
chea tg rass  ( ~ r o m u s  seca l inus)  , an introduced annua 
5 ( ~ g r o p y r o n  sp. ) , with 
Using exclosures ,  Weaver and Darland (1 948) found t h a t  heavy 
grazing by c a t t l e  r e su l t ed  i n  degenerat ion of t h e  bluestem 
( ~ n d r o ~ o g o n  ge ra rd i )  p r a i r i e  of Nebraska t o  a community i n  which 
n a t i v e  p r a i r i e  g ras ses  and f o r b s  were r a r e .  Unpalatable species ,  
non-native weeds, and some na t ive  shrubs increased  under grazing. 
Another commonly reported e f f e c t  of grazing i s  a change i n  
vegeta t ion  s t r u c t u r e  of an area.  Deser t  grass land of the  
southwestern United S t a t e s  may be invaded by shrub-oak ( ~ u e r c u s  
sp.)  and mesquite ( ~ r o s o ~ i s  sp.) a s  a r e s u l t  of overgrazing. 
Replacement of perennia l  grasses  by annual spec ies  may accompany 
t h i s  invasion ( s t o d d a r t  & Smith 1943). I n  a long-term study of 
fescue ( ~ e s t u c a  spp . ) grass lands  i n  western Canada, the  dominant 
g r a s s  species  ( ~ e s t u c a  scabre l l a )  was replaced by Danthonia 
p a r r y i  and quaking aspen- t remuloides)  encroached upon 
moderately grazed fields-ston 1971 ) . Cooper (1 950) 
described the  s t ages  involved i n  replacement of na t ive  g ras ses  i n  
nor thern  Arizona under heavy grazing.  The na t ive  
tal l -bunchgrasses were f i r s t  replaced by more r e s i s t a n t  species  
and mid-grasses were replaced by short-grasses.  I f  grazing 
continued, even t h e  short-grasses were replaced by perennia l  and 
annual fo rbs ,  Grazing a l s o  l ed  t o  an inc rease  i n  cover of pines 
(p inus  sp . ) . 
A s i m i l a r  e f f e c t  of grazing ( o r  overgrazing) was reported i n  
t h e  Midwest (weaver & Albertson 1940). Here a mixed p r a i r i e  was 
converted i n t o  a short-grass  p l a i n ,  and many n a t i v e  forbs  
disappeared. Bare s o i l  was exposed and annuals and cactus 
invaded. 
Grazing a l s o  a f f e c t s  the  physical  and chemical p rope r t i e s  of 
s o i l s .  Johnston e t  a l .  (1971 ) found t h a t  c a t t l e  grazing i n  
fescue  grass lands  of Canada r e s u l t e d  i n  lower percentages of 
organic ma t t e r ,  percentage phosporus, and s o i l  moisture,  while 
s o i l  pH and s o i l  temperature increased.  A study c a r r i e d  out i n  
South Dakota had s i m i l a r  r e s u l t s  ( ~ e e b e  & Hoffman 1353). 
Overgrazing a l s o  decreased the  n i t rogen  content  i n  the  upper 
l a y e r s  of the  s o i l .  Along the same l i n e s ,  Leaf (1959) found t h a t  
grazing decreased l e v e l s  of n i t rogen and o the r  n u t r i e n t s  i n  
woodlot s o i l s .  Two physical  p rope r t i e s  of s o i l s  which a r e  often 
examined i n  grazing s t u d i e s  a r e  s o i l  moisture content  and bulk 
dens i ty .  Johnston (1952) reported t h a t  both  the  percentage s o i l  
moisture and water-intake r a t e  of fescue  grass land s o i l s  
decreased under any i n t e n s i t y  of grazing. Other authors  ( ~ l l i s o n  
1350; Linnar tz  e t  a l .  1955; Adams 1975; McCarty & Mazurak 1976) 
have presented evidence l ink ing  the  t rampling e f f e c t  of c a t t l e  
wi th  an increased s o i l  bulk dens i ty  through compaction. 
Some of the  most meaningful s t u d i e s  of c a t t l e  grazing 
concern a comparison of grazed and ungrazed areas .  One such 
s tudy i n  Oklahoma compared four  p lo ts :  pro tec ted  p r a i r i e ,  grazed 
p r a i r i e ,  pro tec ted  former cropland, and grazed former cropland 
(penfound 1954). This  a rea  was o r i g i n a l l y  a t a l l - g r a s s  p r a i r i e  
but  had been moderately grazed f o r  many years .  Af ter  13- years  
t h e  dominant p l a n t  i n  the  p r a i r i e  p l o t s  (~ndropogon scoparius, 
l i t t l e  bluestem grass)  remained the  same i n  t h e  grazed area ,  
while i n  protec ted  p r a i r i e  the  mid-grasses present  i n  the  
beginning were p a r t i a l l y  replaced by t a l l - g r a s s e s  and nat ive  
woody p l a n t s ,  The vegetat ion of grazed cropland changed from 
annual g rasses  t o  short-grasses and mid-grasses and then t o  
mid-grasses alone. I n  the  same i n t e r v a l ,  pro tec ted  cropland 
vegeta t ion  progressed from annuals t o  a mixed short-grass, 
mid-grass, t a l l - g r a s s  community. 
The e f f e c t  of protec t ion  from grazing was somewhat d i f f e r e n t  
i n  a d e s e r t  grassland of New Mexico ( ~ a r d n e r  1950). Here 30 
yea r s  of p ro tec t ion  resu l t ed  i n  a 110 % increase  i n  g rass  densi ty 
( t h e  number of individuals  per  u n i t  a r e a ) ,  bu t  t h e r e  was l i t t l e  
chsnge i n  spec ies  composition. I n  another  d e s e r t  grassland i n  
southern Arizona, shrub invasion on th ree  p l o t s  was s tudied  f o r  
I S  years  ( ~ r o w n  1950). One p l o t  was protec ted  from a l l  mammalian 
herbivores,  another  was open, and a t h i r d  was protec ted  from 
c a t t l e  but  open t o  rodents.  Mesquite ( ~ r o s o p i s  ve lu t ina)  
increased on a l l  three  p l o t s ,  b u t  the  increase  was much g rea te r  
on the  p l o t  grazed by c a t t l e .  
Arnold (1950) used exclosures i n  pine-bunchgrass ranges of 
nor thern  Arizona t o  examine vegetat ion changes induced by c a t t l e .  
Af te r  29 years  the  herbaceous component of the  exclosure was 
dominated by tall-bunchgrass spec ies  with a few perennia l  weeds 
and annuals present .  Outside the  exclosure ,  however, 
tal l -bunchgrass species were r a r e ,  while g rasses  r e s i s t a n t  to 
grazing,  perennia l  weeds, and annuals were abundant. 
I n  a s tudy of grazing e f f e c t s  on Ponderosa pine (pinus 
ponderosa) f o r e s t s  and range, two p la teaus  i n  c e n t r a l  Washington 
were compared (~ummell  1951 ) . One pla teau  had never been grazed 
by l ives tock;  the  o ther  had been grazed f o r  40 years.  The 
vegeta t ion  of the  ungrazed t a b l e  cons is ted  of open Ponderosa pine 
s t ands  with an herbaceous cover of 35 % densi ty .  The grazed 
t a b l e ,  however, supported a dense s tand of t r e e s  with t h i n  stands 
of grasses.  Here the  herbaceous cover had a dens i ty  of 14 %. 
The t o t a l  number of species  was lower on the  grazed t a b l e ,  and 
severa l  pa la tab le  forbs  and shrubs were lacking. The ungrazed 
p la teau  had a very dense understory of herbaceous p l a n t s  which 
i n h i b i t e d  reproduction of pines. 
A s i m i l a r  comparative study was made by Larson and Whitman 
(1 942) on t h r e e  adjacent  mesas i n  t h e  South Dakota badlands. One 
mesa had never been grazed by c a t t l e ,  a second was used 
i n t e r m i t t e n t l y ,  and a t h i r d  had been l i g h t l y  grazed f o r  ~$0 years. 
The protec ted  mesa had a mixed g rass  p r a i r i e  type of vegetat ion 
dominated by western wheatgrass ( ~ g r o p y r o n  smi th i i )  and dryland 
sedges (carex spp.). The i n t e r m i t t e n t l y  grazed mesa had the  same 
-
dominant species  a s  were found i n  the  protec ted  mesa but  included 
a l a r g e  number of fo rbs  and woody plants .  The continuously 
grazed mesa supported a short-grass type community dominated by 
blue grama g r a s s  ( ~ o u t e l o u a  g r a c i l i s ) .  Such s t u d i e s  a s  these 
c l e a r l y  demonstrate t h a t  c a t t l e  graz ing  may a l t e r  t h e  na tu ra l  
vegeta t ion  of an area.  A summary of the  de t r imenta l  e f f e c t s  of 
c a t t l e  includes the  replacement of n a t i v e  spec ies  by non-natives, 
t h e  encroachment of woody p l a n t s  i n  grass lands ,  s o i l  
impoverishment, and the  a l t e r a t i o n  of vegeta t ion  s t r u c t u r e .  
Range Management P r a c t i c e s  
Many of the  de t r imenta l  e f f e c t s  of l i ves tock  grazing upon 
vegeta t ion  may be overcome i n  p a r t  by c a r e f u l  management of the  
range involved. Three important cons idera t ions  i n  any range 
management system a r e  dens i ty  of s tocking,  d i s t r i b u t i o n  of 
grazing animals,  and grazing season. 
Improper grazing o r  overgrazing may r e s u l t  i n  some of the  
changes i n  vegeta t ion  previously described.  Changes i n  species  
composition, appearance of unpalatable p l a n t s  o r  woody species ,  
s o i l  changes, and eros ion  a r e  i n d i c a t o r s  of improper l ives tock  
numbers on a range ( ~ t o d d a r t  & Smith 1943). Moore and 
Biddiscombe (1 956) maintained t h a t  only very c a r e f u l  management 
and con t ro l  of the  s tocking r a t e  could r e s t o r e  the  na tu ra l  
grass land p r a i r i e  of North America from the  "continual  
de te r io ra t ion"  which had occurred s ince  t h e  mid-19th century. 
Even when t h e  number of c a t t l e  grazed on a range is not  
excess ive ,  unequal d i s t r i b u t i o n  may r e s u l t  i n  range damage. 
C a t t l e  may congregate i n  access ib le  a r e a s  of range, on l e v e l  
ground, o r  around water holes ( ~ t o d d a r t  & Smith 1943). Other 
f a c t o r s  which influence range o r  pas ture  u t i l i z a t i o n  a r e  d is tance  
from t r a i l s ,  d is tance  from shade, s lope ,  and aspec t  ( ~ r n o l d  
1954).  Some of these problems may be overcome by fencing,  
herding,  o r  developing water sources. 
Another important a spec t  of range management is t h e  season 
of grazing. Grazing during the  e a r l y  por t ion  of t h e  growing 
season is most damaging t o  the  range, a s  p l a n t s  may be g r e a t l y  
weakened and t h e i r  product iv i ty  decreased ( ~ l l i s o n  1950). Late 
winter  grazing may have the  same e f f e c t  ( ~ t o d d a r t  & Smith 1943). 
Various systems have been devised t o  make t h e  b e s t  use of 
rangeland by decreasing damage and d e t e r i o r a t i o n .  Deferred 
graz ing  allows a range a rea  t o  produce seeds  and new p l a n t s  t o  
e s t a b l i s h .  Another grazing system involves t h e  r o t a t i o n  of 
c a t t l e  from a rea  t o  area  throughout the  growing season. The most 
commonly used system i n  the  western United S t a t e s  is a 
combination defer red-ro ta t ion  system   amps son 1952). 
Additional d i f f i c u l t i e s  i n  management a r i s e  when t h e  range 
is grazed by b ig  game animals a s  well  a s  l ives tock .  I n  low 
numbers these  animals may complement l ives tock ,  a s  b ig  game 
animals  of ten  have food  references d i f f e r i n g  from those of 
- 
c a t t l e .  Elk ( ~ e r v u s  canadensis) ,  however, compete d i r e c t l y  with 
c a t t l e ,  a s  they consume a high percentage of grasses  and p re fe r  
many of t h e  same spec ies  a s  c a t t l e .  Pronghorn antelope 
( ~ n t i l o c a ~ r a  americana) a l s o  occur on western ranges but  seldom 
compete with c a t t l e  because of t h e i r  preference f o r  f o r b s  and 
woody p lan t s .  Deer, which a r e  normally browsers, may a l s o  share  
range with c a t t l e  i n  North America. Vegetation damage may occur 
where both deer  and c a t t l e  must depend on browse f o r  t h e  bulk of 
t h e i r  d i e t  ( ~ u m ~ h r e ~  1952) . 
Regions with Native Mammalian Herbivores 
C a t t l e  o f t en  have a de t r imenta l  impact on vegeta t ion  and 
s o i l s  where they a r e  introduced herbivores. The urus  (BOS 
-
primigeni)  is  t h e  probable progeni tor  of domestic c a t t l e .  
Although the  urus  i s  now e x t i n c t ,  i ts  o r i g i n a l  range was Europe, 
North Africa,  and southwestern Asia ( ~ o m i c h  1969) . 
Native herbivores  may a l s o  have an adverse e f f e c t  on the  
vege ta t ion  of an area .  Numerous herbivore s t u d i e s  have been done 
i n  Af r i ca ,  a cont inent  where herbivores and vegeta t ion  have 
evolved together .  A s  a r e s u l t  of t h i s  s e l e c t i v e  a c t i o n  near ly  
a l l  of t h e  woody p l a n t s  of the  African savannah have thorns ,  i . e .  
Acacia spp. ( V a l t e r  1971 ) . Grasses of the  African savannah a r e  
a l s o  adapted t o  grazing by herbivores. Many of these  g ras ses  a r e  
- - 
s to loni f&ous  and capable of surviv ing  c lose  cropping by animals. 
I n  one study of the  e f f e c t s  of e lephants  (~oxodon ta  
a f r i c a n a )  on t h e  vegetat ion of Murchison F a l l s  National  Park i n  
Uganda, Buechner and Dawkins (1961 ) s tudied  s i x  sample f o r e s t  
a r e a s  by a e r i a l  photographs. They found t h a t  i n  f i v e  of the  s i x  
samples, decrease i n  t r e e s  with crown diameters of over 3 m  
averaged 52% between 1932 and 1956. This  decrease i n  t r e e  cover 
ranged a s  high a s  95%. I n  t h i s  a rea  an overpopulation of 
e l ephan t s  was changing woodland t o  grass land by g i r d l i n g  t r e e s .  
Th i s  damage t o  t r e e s  had the  e f f e c t  of opening t h e  f o r e s t s  up t o  
g r a s s  invas ion ,  thus  increas ing  t h e  s e v e r i t y  of f r equen t  f i r e s ,  
The e lephants  were a l s o  e f f e c t i v e  i n  a l t e r i n g  t h e  species  
composition of small f o r e s t s .  Holoptelea g rand i s  t r e e s ,  a 
component of these  f o r e s t s ,  were no t  debarked and t h u s  could gain 
dominance. 
Laws (1970) reviewed a number of s t u d i e s  of h a b i t a t  change 
due t o  e lephants .  I n  Budungo Fores t ,  Uganda, e lephants  
maintained a vegeta t ion  of secondary growth by preventing the  
formation of a closed canopy. I n  Lake Manyara National  Park of 
Tanzania, t he  canopy cover of Acacia t o r t i l i s  woodlands had been 
reduced 3 3  i n  nine years  through the  d e s t r u c t i v e  a c t i o n  of 
e lephants .  The vegetat ion of Tsavo National Park i n  Kenya had 
previous ly  been Co&iphora-~cacia bush, b u t  was being converted 
i n t o  grass land due t o  la rge  numbers of e lephants  feeding in the  
area .  Baobab ( ~ d a n s o n i a  d i g i t a l a )  t r e e s  in t h i s  park were being 
k i l l e d  by e lephants  a t  a r a t e  of 2% per  year .  I n  Ruaha National 
Park ,  elkphants  damaged up t o  94%- of - t h e  regenera t ion  of the  
n a t u r a l  bush vegeta t ion  i n  loca l i zed  areas .  Larger  Acacia and 
baobab t r e e s  were a l s o  debarked and o f t e n  k i l l e d .  Elephant 
damage i n  these  a reas  was pronounced because 
shr inking of the  animals' range and subsequent 
game preserves.  
of t h e  constant  
overcrowding i n  
The hippopotamus ( ~ i p p o ~ o t a m u s  amphibius) is another  
herbivore which may a l t e r  the  n a t u r a l  African vegeta t ion .  Lock 
(1 972 ) repor ted  t h a t  overgrazing by hippopotami i n  Uganda' s Queen 
E l i zabe th  National  Park r e s u l t e d  i n  t h e  conversion of dominant 
spec ies  of a grassland from Sporobolus s t ap f i anus  t o  2. 
pyramidalis.  When these  herbivores were excluded, t h e  grassland 
developed i n t o  a mosaic of s h o r t  g ras ses  and long g rasses  with 
bare patches uniformly d i s t r i b u t e d .  
Eas t  Afr ica  supports  numerous o t h e r  l a rge  herbivores. 
P e t r i d e s  (1956) described the  combined e f f e c t  of na t ive  
herbivores  and l ives tock  on a Themeda-Acacia savannah. Native 
herbivores  i n  t h e  area  included w i l d e b e e - m o n n o c h a e t e s  spp.) , 
har t ebees t  ( ~ l c e l a ~ h u s  pp.) , g a z e l l e  ( ~ a z e l l a  spp.) , impala 
( ~ e ~ ~ c e r o s  melampus) , eland ( ~ a u r o t r a ~ u s  s-iraf f e ( ~ i r a f  f a
~ a m e l o ~ a r d a l ~ b r a  ( ~ ~ u u s  burche l l i )  , and waterbuck- 
spp.). The impact of each indiv idual  herbivore spec ies  was not  
considered. Overgrazing by these  animals r e s u l t e d  i n  the  
invas ion  of grass land by young shrubs and the  exposure of bare 
ground. By the  end of t h e  dry season, over 55% of t h e  a rea  had 
no g rasses  over 1 112 inches t a l l ;  even unpala table  g ras ses  were 
c l o s e l y  grazed. This  d e t e r i o r a t i o n  of vegeta t ion  reduced 
car ry ing  capaci ty  of the  range, thus  diminishing game numbers i n  
the  a rea .  
Talbot  and Talbot  (1953) compared t h e  biomass of na t ive  
ungulates  t o  t h e  biomass of l i ves tock  t h a t  E a s t  African savannah 
could support.  They found t h a t  the  savannah could maintain a 
wild ungulate  biomass of from 70,000 t o  100,000 pounds p e r  square 
mile.  This  was seve ra l  t imes higher than  the  maximum c a t t l e  
biomass of 21 ,300 t o  32,000 pounds pe r  square mile f o r  Eas t  
Afr ica .  A s tudy of food h a b i t s  revealed t h a t  c a t t l e ,  goa t s ,  and 
sheep prefer red  only a few g r a s s  species .  The na t ive  ungulates ,  
by c o n t r a s t ,  had complementary d i e t s .  The var ious  n a t i v e  animals 
o f t en  p re fe r red  d i f f e r e n t  c l a s s e s  of food, and favored food 
spec ies  were unique f o r  each ungulate. Th i s  s i t u a t i o n  allowed 
a l l  a v a i l a b l e  vegeta t ion  t o  be used e f f i c i e n t l y  t o  support  the 
high biomass of n a t i v e  herbivores. 
Large n a t i v e  herbivores i n t e r a c t  with n a t u r a l  vegeta t ion  i n  
S r i  Lanka ( ~ e ~ l o n ) .  Here, a s  i n  Afr ica ,  e lephants  may a l t e r  the  
woody vegeta t ion ,  although S r i  Lanka e lephants  ( ~ l e p h a s  maximus) 
tend t o  be l e s s  des t ruc t ive  than t h e i r  African counterparts .  
Mueller-Dombois (1 972) found t h a t  crown d i s t o r t i o n  of woody 
vegeta t ion  i n  Ruhuna National Park due t o  e lephants  was 
p a r t i c u l a r l y  high among p l a n t s  c h a r a c t e r i s t i c  of t h e  e a r l y  s tages  
of succession. Undergrowth species  composition was a l t e r e d ,  and 
spec ies  l e s s  pa la t ab le  t o  elephants  became dominant. Elephants 
a l s o  a f f e c t e d  the  regenera t ion  of some upper canopy t r e e s .  The 
main inf luence  of e lephants  on vegeta t ion  in the  a rea  s tudied  was 
t h e  perpetua t ion  of non-climax woody vegetat ion.  
North America is a continent with many nat ive  herbivore 
species.  Their  e f f ec t s  on vegetat ion,  however, a r e  of ten  
d i f f i c u l t  t o  assess  because of the  l a rge  numbers of l ives tock 
grazed i n  the  same areas. Deer, severa l  species  of which a r e  
found i n  North America, may a l t e r  the  species  composition of 
vegeta t ion by concentrating on preferred p lan t  species. These 
pa la tab le  species  vary with the  region; white cedar 
(chomaecyparis thyoides) and witchhopple (viburnum alnifolium) 
a r e  f avo r i t e s  i n  New York, while ash -(Fraxinus sp.) and 
greenbr iar  (smilax sp.) a r e  preferred p lan t s  i n  a reas  of Texas. 
The e f f e c t  of t h i s  preference may be t o  el iminate favored plant  
species  under high deer dens i t i e s  ( ~ l e i n  1973). 
Elk,  a nat ive  North American herbivore, may overgraze 
favored areas  and trample undergrowth, but  most problems with 
vegetat ion change a re  due t o  the combined grazing of e l k  and 
c a t t l e  o r  sheep ( ~ u r n ~ h r e y  1962). The grazing impact of pronghorn 
antelope is  likewise d i f f i c u l t  t o  analyze i n  areas  where t h e i r  
range overlaps with t h a t  of domestic l ives tock,  especia l ly  sheep 
( ~ u e c h n e r  1950). Antelope may have had more influence on 
vegetat ion before the  1890ts ,  when they outnumbered bison on the 
western p la ins  ( ~ u m ~ h r e y  1952) . 
The e f f e c t  of the bison  d is on -- bison) on the  Great P l a in s  of 
North America has been the subject  of some controversy. The 
vegeta t ion of the Great P la ins  i n  pre-European times is  presumed 
t o  have been t a l l  p r a i r i e  grasses i n  the e a s t  and short-grasses 
t o  t h e  west with a c en t r a l  area of mid-grasses o r  an 
in tergradat ion of t a l l -  and short-grasses. It is speculated t h a t  
59 mil l ion bison grazed these p la ins  i n  the  ea r l y  1880's. The 
most commonly held view is t h a t  l a t e r  c a t t l e  introductions 
changed the na tu ra l  tall- o r  mid-grass p la ins  i n t o  short-grass 
p l a i n s    lark 1956). Larson (1 9.40) , however, considered the 
short-grass p la ins  t o  be the t r ue  climax of the  biome. He 
believed t h a t  the bison had much the  same e f f e c t  a s  the 
introduced c a t t l e  and t h a t  the  t a l l -g rass  associa t ion only 
appeared under protection from grazing. 
Even though the  natura l  vegetat ion of North America may 
support various indigenous herbivores without se r ious  damage, 
introduced herbivores may be very detr imental .  Ca t t l e  a re  
probably the  most important animals i n  t h i s  group. Additionally, 
severa l  introduced herbivores t h a t  have become f e r a l  may be 
i n f l u e n t i a l  i n  a l t e r i ng  vegetation i n  local ized areas.  
McKnight (1 964) reviewed the  h i s to ry ,  e f f e c t s  , and present  
d i s t r i bu t i on  of f e r a l  l ivestock i n  North America. Horses ( ~ q u u s  
cabal lus)  , introduced i n  the 1500 ' s, were one of the  e a r l i e s t  
in t roduct ions ,  and a t  one time several  mi l l ion f e r a l  horses were 
present  on the  Great Pla ins .  Now l e s s  than 34,000 remain i n  
grasslands and sagebrush ( ~ r t e m i s i a  spp.) scrub of t he  west. 
Their  e f f e c t  on vegetation cons i s t s  of  damaging regenerating 
con i fe r  seedlings and overgrazing semi-arid ranges. These horses 
may a l s o  compete with native e lk ,  deer,  and mountain sheep. 
Burros ( ~ ~ u u s  as inus)  , na t ive  t o  n o r t h e a s t  Afr ica ,  were a l s o  
introduced t o  North America i n  t h e  1 5 t h  century and, l i k e  horses,  
became f e r a l .  These animals were widely d i s t r i b u t e d  throughout 
t h e  western s t a t e s ,  mainly i n  rugged mountains and dese r t s .  
Burros may overgraze d e s e r t  vege ta t ion ,  leading  t o  a decrease i n  
p l a n t  cover and accelera ted  s o i l  erosion.  
A few f e r a l  c a t t l e  and f e r a l  sheep e x i s t  i n  western s t a t e s ,  
but  have l i t t l e  impact on t h e  environment due t o  t h e i r  low 
numbers. F e r a l  goats  a r e  widely d i s t r i b u t e d  i n  27 s t a t e s  and may 
be very d e s t r u c t i v e  t o  both vegeta t ion  and s o i l  i n  l imi t ed  areas .  
The most common f e r a l  ungulate of North America is t h e  p ig ,  which 
is  p a r t i c u l a r l y  numerous i n  t h e  southeas tern  and southwestern 
s t a t e s .  Being omnivores, hogs may compete with many na t ive  
animals.  These f e r a l  animals a r e  damaging t o  f o r e s t  growth 
because they des t roy  t r e e  seed l ings ,  and t h e i r  roo t ing  hab i t s  
make them a p e s t  i n  pas tures  and croplands ( ~ c ~ n i g h t  1964). 
Herbivores which a r e  introduced t o  an  area  and become f e r a l  
may have a s e r i o u s  impact on n a t u r a l  vegeta t ion  even though the  
same vegeta t ion  may support n a t i v e  herbivores without  r e a l  
damage. E l l i s o n  (1950) was of t h e  opinion t h a t  " . . . the  exact  
composition of climax vegetat ion probably cannot be maintained by 
any i n t e n s i t y  of grazing o r  s e l e c t i o n  of spec ies  o the r  than  those 
exe r t ed  by p r i s t i n e  wi ld l i f e . "  I t  t h e r e f o r e  seems reasonable t o  
assume t h a t  t h e  impact of such f e r a l  animals on t h e  vegeta t ion  of 
regions  without na t ive  herbivores might be even more dramatic. 
Regions with Few o r  no Large Native Herbivores 
Oceanic i s l a n d s  a r e  most prominent among t h e  ecosystems 
which have evolved i n  the  absence of l a r g e  mammalian herbivores.  
Even con t inen t s  have been i s o l a t e d  i n  t h e  p a s t ,  leading  t o  the  
development of i n s u l a r  phenomena i n  t h e i r  b io ta .  For example, 
both  Aus t ra l i a  and South America were i s o l a t e d  f o r  long per iods  
of t ime i n  t h e  pas t .  The e f f e c t s  of t h i s  long-continued 
i s o l a t i o n  were impoverishment and endemicity i n  t h e  Aust ra l ian  
fauna and few sharply separable f auna l  s t r a t a  i n  South America 
(simpson 1955 ) . 
The n a t i v e  fauna of Aus t ra l i a  is dominated by marsupials 
which a r r i v e d  on the  i s o l a t e d  con t inen t  p r i o r  t o  the  invas ion  of 
p l a c e n t a l  mammals such a s  rodents  and ba t s .  Subsequently, these  
marsupials  f i l l e d  the  majori ty of t h e  ecologica l  niches in  
Aus t ra l i a  (simpson 1965). Thus kangaroos, wal labies ,  and o ther  
marsupials  were t h e  only la rge  graz ing  animals i n  Aus t ra l i a  u n t i l  
t h e  advent of t h e  Europeans. The indigenous vegeta t ion  of 
Aus t ra l i a  i s  charac ter ized  by a lack  of thorny species .  For 
example, t h e  n a t i v e  mulga ( ~ c a c i a  aneura) bears  no thorns,  
a l though spec ies  of t h i s  genus i n  Afr ica  and elsewhere a r e  q u i t e  
thorny   alter 1971 ) . 
One of t h e  major na t ive  
kangaroo ( ~ a c r o p u s  major) . 
although they crop herbaceous 
herbivores of Aust ra l ia  is the  grey 
These animals do no t  browse, and 
p l a n t s  and grasses  c lose ly ,  they do 
n o t  uproot them o r  damage t h e i r  roots .  An average grey kangaroo 
(weighing 70 pounds) e a t s  l e s s  than hal f  a s  much a s  an average 
sheep (weighing 100 ~ o u n d s ) .  Kangaroos a r e  non-selective grazers  
and have no preference f o r  any p a r t i c u l a r  p lants .  These hab i t s  
help expla in  why kangaroo grazing is  not  damaging t o  the  
Aust ra l ian  vegeta t ion,  con t ras t ing  with t h e  impact of introduced 
sheep and c a t t l e   r reed en & Breeden 1965). 
Grazing by introduced animals has resu l t ed  i n  many 
vegeta t ion changes i n  p a r t s  of Aust ra l ia .  I n  temperate woodlands 
of southern Aust ra l ia ,  sheep grazing has resu l t ed  i n  the  
replacement of t a l l  warm season g rasses  by s h o r t  cool season 
perennia ls  and annuals. Spec i f i ca l ly ,  the  na t ive  kangaroo grass  
(~hemeda a u s t r a l i s )  which was formerly the  dominant -over 
extens ive  a reas ,  has been supplanted by l e s s  pa la tab le  perennial  
g rasses  and annuals ,  including many introduced species.  I n  more 
a r i d  regions of Aust ra l ia ,  the  outcome of l ives tock grazing has 
been t h e  increase  of shrubs such a s  Acacia ( ~ o o r e  & Biddiscombe 
1955). I n  the  nor theas t  port ion of southern Aust ra l ia ,  
overgrazing by l ives tock has c leared t h e  area  of the  nat ive  
sa l tbush  ( ~ t r i ~ l e x  ves ica r i a )    alter 1971 ) . However, Moore 
(1 9%) ra i sed  the  p o s s i b i l i t y  t h a t  the  o r i g i n a l  dominan+ grzszss 
of western Aus t ra l i a  might r e t u r n  i f  burcirig was control led  and 
deferred  grazing was pract iced.  
Like h ~ s t r a l ~ a ,  che continent  of South America was i so la ted  
by s e a  bar-.:ers f o r  70 mil l ion years during the  Ter t i a ry  Period 
(~5mpson 19%). The f i r s t  invasion of animals was composed of 
marsupials ,  ungulates,  edenta tes ,  and l a t e r  rodents,  which 
island-hopped t o  South America during its period of i so la t ion .  
Then during the  Pliocene Epoch, a  land bridge connected North and 
South America, and numerous o the r  groups of animals moved i n t o  
South America from the  north. These new invaders included 
carnivores ,  guanacos , t a p i r s ,  deer,  and peccar ies  ( ~ a y a s s u  spp. ) . 
Perhaps a s  a r e s u l t  of competition with the  newcomers, many of 
the  more anc ien t  species  of animals became e x t i n c t .  However, the  
South American fauna today remains qu i t e  d i s t i n c t  from t h a t  of 
o t h e r  cont inents  ( ~ a t e s  1964). 
One i n t e r e s t i n g  aspect  of the  South American fauna is  the 
l a r g e  number of unique rodent species.  I n  f a c t ,  rodent  genera 
outnumber a l l  o the r  f l i g h t l e s s  land mammals i n  South America 
( ~ a r l i n g t o n  1965 ) . The herbivores ( including rodent  species)  
t h a t  p resen t ly  e x i s t  i n  t h i s  cont inent  a r e  notable f o r  t h e i r  
small  s i z e .  The only r e a l l y  l a rge  herbivores of South America 
a r e  t h e  t a p i r s  ( ~ a ~ i r u s  spp.),  which may weigh a s  much a s  400 
pounds ( ~ a t e s  1 9 6 4 ) X h  unique animals a r e  among t h e  i n s u l a r  
phenomena exhibi ted  by the  continent  of South America. 
Cer ta in  regions of South America a r e  oddly lacking i n  l a rge  
herbivores.  For ins tance ,  t h e  pampas, an  extensive grass land 
a r e a  i n  Argentina, has had no l a r g e  
mammals f o r  more than a mi l l ion  vears .  
( ~ a m a  guanacoe) and seve ra l  rodents  
-
herbivores  p resen t ly  found t h e r e  (Bates 1964). The present  
herds of na t ive  hoofed 
The camel-like guanaco 
a r e  t h e  only na t ive  
u t i l i z a t i o n  - o f  the  tiampas f o r  c a t t l e  graz ing  began with ~ u r o ~ e a n  
co lon iza t ion  of South America and has r e s u l t e d  i n  a l t e r a t i o n  of 
t h e  n a t u r a l  vegeta t ion  of t h a t  region  due t o  replacement of 
n a t i v e  p l a n t  spec ies  ( ~ a r n i n  1839) . 
The most s t r i k i n g  examples of ecosystems which lack  la rge  
herbivores  occur n o t  on cont inents ,  b u t  on oceanic i s lands .  
I n s u l a r  b i o t a  tend t o  be vulnerable t o  d is t rubance  by non-native 
organisms. Car lqu i s t  (1 974) observed, ' l In su la r  autochthones t h a t  
evolve i n  t h e  absence of l a r g e  herbivores  do no t  have any 
r e s i s t a n c e  t o  them with few exceptions." 
Wallace (1 911 ) described t h e  changes i n  vegeta t ion  due t o  
f e r a l  goats  on the  i s l and  of S t .  Helena, loca ted  over one 
thousand mi les  from Africa. When discovered,  t h i s  i s l a n d  was 
covered with dense f o r e s t  vegeta t ion  and had no l a r g e  na t ive  
herbivores.  Goats were introduced i n  1513, and by the  1 9 t h  
century  t h e  f o r e s t s  were almost t o t a l l y  destroyed. S o i l  was 
eroded away, exposing rock. By t h e  time Wallace v i s i t e d  S t .  
Helena, it was p r a c t i c a l l y  barren. 
Laysan I s l a n d ,  one of t h e  Leeward Hawaiian I s l a n d s ,  is 
another  oceanic i s l a n d  whose vegeta t ion  was dramat ica l ly  a l t e r e d  
by t h e  in t roduc t ion  of an herbivore,  i n  t h i s  case t h e  r a b b i t  
( ~ r y c t o l a ~ u s  cuniculus) .  When the  r a b b i t  was introduced i n  1903, 
t h e  p l a n t  cover of grasses  and shrubs was approximately t h e  same 
a s  a t  t he  time of the  i s l a n d ' s  discovery.  Af te r  40 years  of 
support ing r a b b i t s ,  only 4 out  of 25 indigenous p l a n t  species  
were st i l l  growing there .  Rabbits  were removed i n  1923, and the  
vegeta t ion  began t o  recover. When v i s i t e d  i n  1961, many of the 
o r i g i n a l  p l a n t  spec ies  were p resen t ,  and t h e  vegeta t ion  s t r u c t u r e  
seemed t o  be s i m i l a r  t o  t h a t  previous ly  described (Lamoureux 
19%). 
Turbot t  (1945) described the  e f f e c t s  of f e r a l  goats  on Great 
I s l a n d ,  j u s t  no r th  of New Zealand, another  P a c i f i c  i s l a n d  with no 
n a t i v e  mammalian herbivores. Maori i n h a b i t a n t s  had c leared  away 
much of the  o r i g i n a l  p lant  cover,  b u t  a f t e r  t h e i r  departure i n  
1340, the  n a t i v e  f o r e s t  seemed t o  be regenerat ing.  L a t e r  goats  
were introduced t o  the  i s l a n d  and remained f o r  60 years .  A t  the  
end of t h a t  time the  f e r a l  goa t s  were destroyed,  and the  
vegeta t ion  was examined. What had previous ly  been a mixed 
c o a s t a l  f o r e s t  was by t h i s  time a sub-climax f o r e s t  of kanuka 
(Leptospemum e r i c o i d e s ) ,  a species  of p l a n t  avoided by goats. 
Few remnants of the  o r i g i n a l  f o r e s t  were l e f t .  Two years  a f t e r  
t h e  goat  removal some of the  na t ive  f o r e s t  p l a n t s  seemed t o  be 
regenera t ing ,  and formerly bare s o i l  was being colonized by 
indigenous herbs (Bayl is  1948). 
New Zealand i t s e l f  has been the  s i t e  of numerous Large 
herbivore introductions.  The endemic p lan t s  of New Zealand have 
l i t t l e  r es i s t ance  t o  heavy grazing o r  browsing, a s  these 
pressures  were non-existent during the evolution of the  N @ w  
Zealand f l o r a  (~oward  1965). Thomson (1 922) reported t h a t  wild 
c a t t l e ,  present  s ince  the ea r l y  days of European set t lement,  were 
s t i l l  abundant i n  the back country. These animals were 
responsible f o r  the  des t ruct ion of several  nat ive  species  of 
shrubs and t r e e s ,  a s  well a s  numerous types of undergroxth 
p lan t s .  Wodzicki (1950) reviewed the d i s t r i h t i o n  and e f f e c t  on 
vegetat ion of t h e  more important introduced mammals of New 
Zealand. 3f 53 mammal species l ibe ra ted ,  a t  l e a s t  34 have become 
es tab l i shed ,  Goats, f i r s t  l ibe ra ted  i n  New Zealand by Captain 
Cook, se r ious ly  a l t e r  vegetation. By debarking t r e e s  and shrubs 
and removing undergrowth, these animals have opened up f o r e s t  
regions and caused accelerated erosion. Cook a l so  introduced the  
pig i n t o  New Zealand, and it soon became established.  This 
animal d i s t u rb s  the  nat ive  ground cover of herbs, grasses ,  and 
fe rns  and may even uproot small t r ees .  
La t e r  i n  the  19 th  and 20th centur ies ,  nine species of deer 
were introduced i n to  New Zealand, and e igh t  of these became 
es tabl ished.  The most widespread of these  a r e  European red deer, 
( ~ e r v u s  elaphus) which a r e  found mainly i n  native f o r e s t s ,  
mountain tops ,  scrub, o r  tussock grasslands. These deer tend t o  
d i s t u rb  the  normal developmental sequence of the nat ive  fo r e s t .  
Favoring nat ive  woody p lan t s  a s  food, these animals browse on 
shrubs, small t r e e s ,  and t r e e  ferns ,  prevent p lant  regeneration, 
destroy undergrowth, and trample the f o r e s t  f l o o r  ( ~ o d z i c k i  
1353). A s  a r e s u l t  of these act ions ,  red deer a r e  responsible 
f o r  th inning and opening up fo r e s t s ,  completely denuding some 
a r ea s ,  acce le ra t ing  s o i l  erosion,  compacting s o i l ,  and increasing 
water run-off . I n  access ible  areas  the  sub-alpine scrub 
vegeta t ion has been nearly eliminated by these animals. A more 
sub t l e  e f f e c t  of red deer is an a l t e r a t i o n  i n  the botanical  
composition of indigenous f o r e s t s  favoring l e s s  pala table  o r  more 
browse-resistant species (~oward  1955 ) . The other species of 
introduced deer,  including ax i s  deer  o xis axis)  , fal low deer 
(llama -- dama), Sambar ( ~ e r v u s  unicolor) ,  Virginia  deer ( ~ d o c o i l e u s  
v i rginianus)  , Wapiti ( ~ e r v u s  canadensis),  and moose ( ~ l c e s  a lces )  
a r e  more loca l ly  d i s t r ibu ted  but have e f f e c t s  s imi lar  t o  the  red 
deer i n  these  l imited areas.  
A more spec i f i c  descr ip t ion of the e f f ec t s  of introduced 
mammals on New Zealand vegetat ion is given by Moore and Cranwell 
(1934). Through the  ac t ion  of goats and pigs  (and formerly wild 
c a t t l e ) ,  a nat ive  r a i n  f o r e s t  has been and continues t o  be 
converted i n t o  a grassland dominated by Microlaena avenacea, an 
endemic grass.  Before disturbance, t h i s  r a i n  f o r e s t  consisted of 
a closed canopy of tall t r e e s ,  a middle layer  of t r e e s ,  shrubs 
and t r e e  fe rns ,  and a f l oo r  cover of mosses and filmy ferns .  
Microlaena occurred only a s  widely sca t t e red  individuals  on the 
f o r e s t  f loor .  The introduced mammals s t r i p  bark off  t r e e s ,  
destroy undergrowth, trample s o i l  and surface  roots,  and prevent 
seed l ing  establ ishment .  I n  t h i s  way the  t r e e s ,  shrubs,  and even 
t r e e  f e r n s  f i n a l l y  disappear  through d i r e c t  des t ruc t ion  by 
animals ,  s o i l  impoverishment, and increased  wind a t  ground level .  
Microlaena, which is  b a s i c a l l y  unpala table ,  then becomes the  
complete dominant of the  ground cover, and few o the r  p l an t s  
survive  where once a r a i n  f o r e s t  s tood.  
Large Herbivores i n  t h e  Hawaiian I s l a n d s  
The Hawaiian I s l a n d s  a r e  sti l l  another  example of an oceanic 
i s l a n d  ecosystem which evolved in t h e  absence of l a r g e  mammalian 
herbivores.  I n  f a c t ,  t h e  only mammals indigenous t o  these  
i s l a n d s  a r e  t h e  monk s e a l  and one spec ies  of b a t  ( ~ o m i c h  1969). 
I n  add i t ion  t o  these ,  Hawaiians introduced the  p ig ,  t h e  dog 
( c a n i s  f a m i l i a r i s )  , and the  Polynesian r a t  ( ~ a t h u s  exulans) . I t  
was n o t  u n t i l  t h e  1 8 t h  centurv t h a t  herbivores such a s  c a t t l e ,  
sheep and goats  were introduced- by European explorers .  Ref e r r i n g  
t o  t h e  Hawaiian I s l a n d s ,  C a r l q u i s t  (1974) wrote t h a t  it was 
"...impossible t o  imagine evolu t ion  of the  p resen t  species  
composition and growth forms and these  herbivores been present  a s  
e a r l y ,  prehuman immigrants." 
The Hawaiian f l o r a  i s  c h a r a c t e r i s t i c a l l y  lacking i n  
mechanisms t o  d e t e r  herbivores.  Very few na t ive  Hawaiian p lan t s  
a r e  known t o  be poisonous. Exceptions a r e  Cocculus fer randianus  
and poss ib ly  Wikstroemia oahuensis ( ~ a r l ~ u i s t  1970). Two other  
n a t i v e  p l a n t s  may be considered p o t e n t i a l l y  poisonous. Erythr ina  
sandwicensis.  t h e  endemic w i l i w i l i  t r e e ,  conta ins  small 
q u a n t i t i e s  of a l k a l o i d s  i n  its seeds ,  and the  Hawaiian pr ickly  
poppy (~rgeinone glauca) has p o t e n t i a l l y  poisonous chemical 
p r o p e r t i e s  a s  well  a s  p r i c k l e s  ( ~ r n o l d  1971 ) . Strongly  scented 
o i l s  t h a t  may discourage herbivores a r e  f o r  t h e  most p a r t  absent  
from the  indigenous f l o r a .  S t r u c t u r a l  d e t e r r e n t s  such a s  spines 
and throns  a r e  l ikewise r a r e l y  present .  For example, t h e  
Hawaiian raspberry  ( ~ u b u s  hawaiiensis)  i s  o f t e n  tho rn les s  
( ~ a r l ~ u i s t  1970). 
The goat  was f i r s t  introduced t o  t h e  i s l a n d  of Ni ' ihau by 
Captain James Cook i n  1778. A few years  l a t e r ,  Captain George 
Vancouver landed more of these  animals on Kaua' i ,  Hawai' i ,  and 
Maui. Goats were l a t e r  r e l eased  on t h e  o ther  major Hawaiian 
I s l a n d s ,  where t h e i r  descendents s t i l l  e x i s t  today ( ~ r a m e r  1971). 
The e f f e c t  of f e r a l  goats  on the  vegeta t ion  of Haleakala 
National  Park has been described by Yocum (1957). He estimated 
t h a t  500 goats  l i v e d  i n  t h e  c r a t e r  a t  t h a t  time, a decrease from 
t h e  thousands t h a t  ex i s t ed  i n  the  a rea  during the  previous 
decade. Overgrazing by goats  on na t ive  vegeta t ion  has r e su l t ed  
i n  t h e  dominance of the  na t ive  pukiawe ( ~ t y p h e l i a  tameiameiae) i n  
some communities, t h e  opening of o the r  na t ive  s tands ,  and the  
spread of introduced annuals.  Goats have a l s o  been a f a c t o r  i n  
increased  s o i l  e ros ion  due t o  e l iminat ion  of p l a n t  cover, 
d is turbance  of s o i l ,  and promotion of lands l ides .  
Another s tudy of the  e f f e c t s  of f e r a l  goats  on vegetat ion 
was c a r r i e d  ou t  by Mueller-Dombois and Spatz (1975) using th ree  
exc losu res  i n  the  coas ta l  lowlands of Hawaii Volcanoes National  
Park. One exclosure was loca ted  i n  an annual grass land,  and the  
o t h e r  two were placed i n  a perennia l  grass land a rea  on deep ash 
s o i l .  Af te r  two years  of goat  exclusion,  both q u a l i t a t i v e  and 
q u a n t i t a t i v e  changes were noted i n  t h e  annual grassland 
exclosure .  F ive  perennial  bunchgrass spec ies  occurred i n s i d e  the  
exclosure ,  b u t  were absent  on the  outs ide .  The dominant p l a n t  
i n s i d e  t h e  exclosure was Canavalia kauensis ,  an  endemic vine 
which was p resen t  outs ide  only a s  a few seed l ings  during the  wet 
season. The two exclosures -in the  perennia l  grass land d id  no t  
e x h i b i t  such s t r i k i n g  changes during a y e a r ' s  study. I n  one of 
these  exclosures ,  severa l  g ras ses ,  a f o r b ,  and two shrubs had 
g r e a t e r  inc reases  i n  cover ins ide  than  outs ide  t h e  exclosure. 
The second exclosure i n  t h i s  a rea  a l s o  had s i m i l a r  vegeta t ion  
cover wi th in  and without,  although one g r a s s  species  and seve ra l  
shrubs  ( p a r t i c u l a r l y  seedlings)  d id  inc rease  ins ide .  This  study 
ind ica ted  t h a t  the  vegetat ion of t h i s  c o a s t a l  lowland a rea  might 
be q u i t e  d i f f e r e n t  i n  the  absence of grazing pressure  from goats ,  
and t h a t  recovery of some n a t i v e  spec ies  i n  t h e  a rea  might be 
f e a s i b l e .  
Sheep were introduced i n t o  the  Hawaiian I s l a n d s  soon a f t e r  
t h e i r  discovery by Europeans. Vancouver brought along domestic 
sheep on both  h i s  second and t h i r d  voyages t o  Hawai'i. A kapu 
was placed on the  sheep, and they soon mul t ip l ied .  By 1851 the re  
were thousands of f e r a l  sheep on Hawai' i ,  Xaui, Moloka'i, and 
Kaua' i ( ~ r a m e r  1971 ) . Sheep were r a i s e d  on Kaho' olawe and Lana ' i  
i n  t h e  p a s t ,  and some domestic sheep were s t i l l  being ranched on 
N i '  ihau  and Parker  Ranch of the  Big I s l a n d  i n  the  1 960 ' s ( ~ o m i c h  
1969). The peak of sheep production was i n  1884, when over 
121,000 domestic sheep were found i n  t h e  Hawaiian I s l a n d s  ( ~ e n k e  
7929). 
The l a r g e s t  concentrat ion of f e r a l  sheep i n  t h e  i s l a n d s  is  
p r e s e n t  on Mama Kea of the  i s l a n d  of Hawai' i .  I n  1937 t h e  Mama 
Kea sheep populat ion was est imated a t  40,030, and between the  
yea r s  of 1921 and 1945, over 70,000 were k i l l e d  i n  t h i s  a rea  
( ~ o m i c h  1959). The present  sheep populat ion on Hauna Kea is much 
lower than  i n  previous t imes,  due i n  p a r t  t o  a r ecen t  
court-ordered e rad ica t ion  at tempt by t h e  S t a t e  Divis ion  of 
F o r e s t r y  and Wildl ife .  These sheep have a g r e a t  impact on the  
mamane (sophora chrysophylla)  f o r e s t s  indigenous t o  t h e  mountain. 
Overgrazing causes death of e x i s t i n g  t r e e s ,  prevents  mamane 
regenera t ion ,  and g r e a t l y  decreases ground cover ( ~ r a m e r  1971 ) . 
According t o  Warner (1950), f e r a l  sheep a r e  respons ib le  f o r  the  
l o s s  of 90% of the  top  s o i l  and 407% of t h e  mamane t r e e s  i n  t h i s  
formerly f o r e s t e d  region. 
Another spec ies  of sheep, t h e  mouflon ( 0 v i s  musimon) , has 
-
been r e c e n t l y  introduced, f i r s t  on Lana ' i  i n  1954 and then on 
Mama Kea of Hawai'i i n  I .  The purpose of t h e  l a t t e r  
l i b e r a t i o n  was the  hybr id iza t ion  of these  mouflon sheep with the  
f e r a l  sheep a l ready present .  Mouflon tend t o  be l e s s  des t ruc t ive  
t o  vegeta t ion ,  mainly because of t h e i r  tendency t o  congregate i n  
small  bands r a t h e r  than l a rge  herds (Tomich 1959 ) . 
The e a r l i e s t  introduced l a r g e  herbivore was t h e  pig,  which 
t h e  Polynesians brought t o  Hawai' i .  These p igs ,  of Asian 
ances t ry ,  were small and apparent ly  remained in  domestication 
(Tomich 1969). These animals were abundant before  the  European 
discovery of Hawai' i ,  but  were eventual ly  absorbed i n t o  t h e  pig 
s tock  introduced by Cook and l a t e r  Europeans. Wild p i g s  a re  
p resen t ly  found on a l l  t h e  main Hawaiian I s l a n d s  except  Lana ' i  
and Kaho'olawe, bu t  the  i s l a n d  of Hawai' i  has t h e  l a r g e s t  and 
denses t  populat ion ( ~ r a m e r  1971 ) . The major impact of f e r a l  pigs 
on vegeta t ion  occurs  i n  upland f o r e s t s ,  a l though they a l s o  e a t  
g ras ses  and r o o t  i n  ranch pas tures .  I n  r a i n  f o r e s t s  p igs  d i s t u r b  
t h e  f o r e s t  f l o o r  and r o o t  up o r  feed  on na t ive  p l a n t s  such a s  
Acacia - koa seed l ings  (cooray 1974) . 
More recen t  mammal in t roduc t ions  include a x i s  deer   c xis -
a x i s )  , b l a c k t a i l  deer  ( ~ d o c o i l e u s  hemionus), and pronghorn 
-
ante lope  ( ~ n t i l o c a ~ r a  americana). Axis deer  were f i r s t  brought 
t o  t h e  i s l a n d s  a s  a  g i f t  t o  Kamehameha V.  They were re leased  i n  
1 858 on Moloka' i , where they increased  t o  a  populat ion of about 
7000 by 1900 ( ~ r a m e r  1971 ) . A small number of these  deer  a l s o  , 
e x i s t e d  on 0'  ahu i n  Moanalua Valley and around Diamond Head. I n  
1920 a x i s  deer  were a l s o  l i b e r a t e d  on Lana ' i  where they became 
es t ab l i shed  and remain today. Also p resen t  on t h e  i s l a n d  of 
L a n a ' i  i s  a herd of seve ra l  hundred pronghorn ante lope ,  which 
were introduced from Montana i n  1959. Examination of stomach 
con ten t s  i n d i c a t e s  t h a t  exo t i c  p l a n t s  such a s  haole koa ( ~ e u c a e n a  
leucocephala) , Lantana camara, Bidens sp. , Emilia sp. , pineapple 
(Ananas c o m o s u s ~  red t o p  g r a s s  (~hynchely t rum 
t h e  most important cons t i tuen t s  of the  pronghorn 
Even more r ecen t ly  i n  1961 , Columbian b l a c k t a i l  deer  ( o r  
mule deer)  were imported from Oregon and introduced t o  Kaua' i  by 
t h e  Hawaii Divis ion  of F i sh  and Game. A s  of 1972, an estimated 
575 deer  e x i s t e d  i n  the  Puu Ka Pe le  and Rekaha game management 
a r e a s  ( ~ e l f e r  1973). Analysis of m e n  samples has revealed t h a t  
a t  l e a s t  37 p l a n t  species  a r e  taken a s  food by the  deer .  The 
ch ie f  food p l a n t  seems t o  be guava (Psidium -ayava), bu t  a t  
l e a s t  seven n a t i v e  p l a n t s  a r e  a l s o  eaten.  Among these  i s  Acacia 
koa which apparent ly  c o n s t i t u t e s  a  considerable p a r t  of the  deer  
-
d i e t  (Te l fe r  1971 ) . P l a n t  dens i ty  and coverage measurements from 
a deer  exclosure i n  the  area  i n d i c a t e  t h a t  browsing reduces the  
number of Acacia koa seedl ings  a s  well  a s  the  koa canopy cover. 
-
The cover of l i l i k o ' i  ( ~ a s s i f l o r a  e d u l i s )  and t h e  indigenous 
'uki'uki ( ~ i a n e l l a  sp.) were a l s o  decreased ( T e l f e r  1972). The 
dee r  may a l s o  a l t e r  vegeta t ion  by trampling underbrush, opening 
up t h e  f o r e s t ,  and c rea t ing  deer  t r a i l s  ( T e l f e r  1971 ). 
The introduced herbivore t h a t  has probably had t h e  most 
profound e f f e c t  on Hawaiian vegeta t ion  i s  c a t t l e .  This  animal 
was brought t o  Hawaili  by Captain George Vancouver on h i s  second 
voyage i n  1793 and a l s o  on h i s  t h i r d  voyage i n  1794. A kapu o r  
p r o h i b i t i o n  aga ins t  k i l l i n g  the  animals was enforced, and they 
mul t ip l i ed  quickly. Fe ra l  c a t t l e  became abundant on Kaua'i ,  
0 '  ahu, Molokal i Maui, and Hawai' i ( ~ o m i c h  1969). According t o  
the  missionary E l l i s  (1917), t h e r e  were "immense herds" of wild 
c a t t l e  on Mama Kea of Hawai1 i i n  1823. Bloxam, who v i s i t e d  
O1ahu i n  1825, noted t h a t  many c a t t l e ,  goats ,  and horses  were 
p resen t  on t h a t  i s land.  I n  f a c t ,  around 1850 many wild and 
domestic c a t t l e  were roaming about i n  the  v i c i n i t y  of Honolulu 
(Kramer 1971 ) . By the end of the  1 9 t h  century f e r a l  c a t t l e  were 
being heavi ly  hunted, and now r e l a t i v e l y  few t r u l y  f e r a l  c a t t l e  
remain i n  t h e  Hawaiian Is lands .  
One remaining herd is found i n  the  Honaunau Fores t  Reserve 
of t h e  i s l a n d  of Hawaili ,  where l a rge  numbers of f e r a l  c a t t l e  
have roamed i n  the  past .  I n  1956 a t  l e a s t  1000 f e r a l  c a t t l e  
e x i s t e d  i n  the  area ,  but  t h i s  number was reduced when 500 head 
were s h o t  during 1958 ( ~ a r l s o n  and Bryan 1959). These f e r a l  
c a t t l e  seemed t o  be i n t e r f e r i n g  with t h e  reproduction of such 
n a t i v e  p l a n t  species.  a s  koa and sandalwood   anta alum spp. ) . Judd 
(1927) considered c a t t l e ,  f e r a l  o r  domestic, t o  be the  most 
important f a c t o r  i n  the  des t ruc t ion  of Hawaiian f o r e s t s .  By 
d i s t u r b i n g  undergrowth c a t t l e  prevent t h e  na tu ra l  increase  of 
t r e e s ,  change the  moisture and wind condi t ions  of the  f o r e s t  
f l o o r ,  and open up the  f o r e s t  t o  "rank" grasses ,  such a s  Hilo 
g r a s s   aspal alum conjugatum). 
I n  1851 an estimated 12,000 f e r a l  c a t t l e  roamed the  i s l and  
of Hawai ' i ,  f a r  outnumbering the  domestic c a t t l e  of t h a t  i s l a n d  
The number of domestic c a t t l e  increased s t e a d i l y  from then,  and 
by 1927, approximately 158,000 c a t t l e  were being ra i sed  on more 
than a mi l l ion  ac res  of ranchland i n  Hawai' i ( ~ e n k e  1929). 
However, the  e f f e c t  of domestic c a t t l e  on unmanaged na tu ra l  
vegeta t ion  is much the  same a s  t h a t  of f e r a l  c a t t l e .  According 
t o  Eg le r  (1 947),  c a t t l e  were p a r t l y  responsib le  f o r  conversion of 
t h e  woody vegetat ion of southeast  O'ahu i n t o  grass lands ,  which 
include many exo t i c  grasses.  Erosion occurred and the  grass lands  
were i n e f f e c t i v e  i n  holding new s o i l .  Other a r e a s  of O1ahu 
a l t e r e d  by c a t t l e  grazing include Manoa Valley where the  na tu ra l  
f o r e s t  cover has been replaced by guava, lantana ,  and o ther  
e x o t i c  weeds (campbell 1920). 
Skot tsberg  (1953) described the  des t ruc t ion  of a na t ive  dry 
f o r e s t  on northwest Lana' i  due t o  c a t t l e  grazing. Native 
sandalwood t r e e s  were dying, and no sandalwood seedl ings  o r  any 
o the r  n a t i v e  p l a n t s  were present  i n  the  ground cover. Campbell 
(1920) repor ted  the  complete des t ruc t ion  by c a t t l e  of much of the  
f o r e s t  on the  d r i e r  s lopes of Haleakala on Maui. 
Much of the  vegetat ion of the  i s l a n d  of Hawai'i has been 
a f f e c t e d  by c a t t l e  grazing. Af ter  30 yea r s  of grazing,  much of 
the  n a t i v e  dry f o r e s t  near  Pu'uwa'awa'a had been destroyed, and 
t h e  a r e a  was opened up t o  exo t i c  p l a n t s  such a s  Opuntia 
megacantha cac tus  and koa haole ( ~ e u c a e n a  leucocephala) ( ~ a t h e w a ~  
1952). Endemic p l a n t s  remaining i n  t h i s  dry f o r e s t ,  such a s  
Kokia drynar io ides  and Hibiscadel  hus h u a l a l a i e n s i s ,  were no 
longer  reproducing (Ski-. I n  the  Kohala mountain 
d i s t r i c t  of Hawai'i na t ive  koaia ( ~ c a c i a  koaia)  f o r e s t s  have 
almost disappeared a s  a r e s u l t  of grazing.  The p l a i n s  of the  
Waimea area  of Hawai t i  were once heavi ly  f o r e s t e d ,  b u t  have been 
defores ted  mainly through the  agency of c a t t l e  (~nonymous 1856, 
c i t e d  by Baldwin & Fagerlund 1943). 
Likewise, many changes have occurred i n  the  vegeta t ion  of 
t h e  Kilauea Volcano region of Hawait i. Campbell (1 920) described 
t h e  a rea  along the  Volcano road a s  an "unspoiled r a i n  f o r e s t "  i n  
1892. On a r e t u r n  v i s i t  i n  1919, he repor ted  t h a t  l i t t l e  of the  
r a i n  f o r e s t  was l e f t  due t o  c u t t i n g  and d is turbance  by c a t t l e  
grazing.  
The Mountain Parkland Ecosystem of Hawaii 
J u s t  a s  o the r  a reas  of t h e  i s l a n d  of Hawait i  have been 
changed, the  mountain parkland region  has been g r e a t l y  influenced 
by introduced herbivores i n  t h e  pas t .  A mountain parkland b e l t  
is  found on the  e a s t e r n  s lope of Mauna Loa between the  e l eva t ions  
of 4500 f e e t  (1 372 m) and 6500 f e e t  (201 2 m) . A por t ion  of the  
Mama Loa s t r i p  of t h e  Hawaii Volcanoes National  Park,  a s  well  a s  
s e c t i o n s  of the  adjacent  ranches, may be included i n  t h i s  
mountain parkland b e l t .  This  type of vegeta t ion  was previously 
p resen t  a l s o  on t h e  moist s lopes  of Mauna Kea and Huala la i  
(~obyms & Lamb 1939). The parkland ecosystem on Mauna Kea is no 
longer i n t a c t ,  a s  the  a rea  is used f o r  c a t t l e  ranching. Tree 
regenera t ion  is  prevented, and n a t i v e  g ras ses  a r e  l e s s  important 
than  introduced spec ies  ( ~ u e l l e r - ~ o m b o i s  & Kra j ina  1968). 
A parkland formation is no t  a uniform vegeta t ion  type, b u t  
r a t h e r  a "macro-mosaic" conta in ing  many d i f f e r e n t  communities 
 alter 1971 ) . I n  the  Mauna Loa parkland, a t  l e a s t  t h r e e  main 
types  of communities may be recognized: g r a s s  communities, shrub 
communities, and t r e e  communities (mostly Acacia &) 
( ~ u e l l e r - ~ o m b o i s  1957) . Using a syn thes i s  t a b l e  technique, 
Newel1 (1969) included t h e  mountain parkland i n  an  Acacia 
koa-Holcus l ana tus  a l l i a n c e ,  and s p e c i f i e d  two cha rac te r  
( a c t u a l l y  d i f f e r e n t i a l )  spec ies  f o r  t h e  area:  Panicum 
t e n u i f o l i u a ,  a na t ive  g ras s ,  and sheep s o r r e l  (~umex aceto-= 
an  introduced herb. 
The mountain parkland appears  a s  a d i s t i n c t  band along the  
e a s t  f l ank  of Mauna Loa, and is  bounded a t  its lower l i m i t  by an  
Acacia koa-Sapindus saponaria savanna where the  r a i n f a l l  i s  
- 
higher  and t h e  s o i l  is deeper. The formation above t h e  parkland 
c o n s i s t s  of a Metrosideros scrub-forest  and inc ludes  some Sophora 
chrysophylla t r e e s ,  which a r e  a l s o  present  i n  the  parkland 
ecosystem (Muellel.-Dombois 1967) . 
The mountain parkland is a dynamic ecosystem with the  cover 
of t h e  var ious  communities sub jec t  t o  change ( ~ u e l l e r - ~ o m b o i s  
1967). Despite  t h i s  f a c t  and the  inf luence  of human and 
introduced herbivore a c t i v i t y  i n  the  region,  it seems t h a t  the  
p resen t  vegeta t ion  of the  parkland wi th in  the  Hawaii Volcanoes 
National  Park is  s i m i l a r  t o  t h a t  of pre-European t i m e s .  
Archibald Menzies, the  f i r s t  European t o  reach the  summit of 
Mama Loa, passed through the  parkland region i n  1794. Ascending 
the  sou theas t  s lope above Kapapala, he described the  vegetat ion 
halfway up the  wooded por t ion  of the  mountain a s  clumps o r  groves 
of t r e e s  and grassy spo t s  ( ~ e n z i e s  1920). On a l a t e r  ascent  of 
Mauna Loa i n  1834, the  b o t a n i s t  David Douglas described grassy 
p l a i n s  wi th  mamane t r e e s  above koa f o r e s t s  and below "brushwood" 
( ~ i l s o n  1919). Fosberg (1972) r e f e r r e d  t o  the  grass lands  of the  
ash  s lopes  of the  i s l and  of Hawait i  a s  "tussock grasslands."  
This  category would include grassland communities i n  t h e  mountain 
parkland. Because of the  number of endemic g rass  species  i n  
these  grass lands ,  Fosberg bel ieved t h a t  they had been p a r t  of t h e  
n a t u r a l  vegeta t ion  of the  Hawaiian mountains f o r  a long time. 
Vogl (1969) is of the  opinion t h a t  t h e  mountain parkland is ,  
a t  l e a s t  i n  p a r t ,  maintained by f i r e .  F i r e  may r e t a r d  the  spread 
of Acacia koa t r e e s  i n t o  the  grassland matrix, bu t  a p a r t  from 
-
t h i s  f a c t o r ,  the  na t ive  bunchgrass communities of the  ecosystem 
a r e  n o t  dependent upon f i r e .  These parkland grass lands  have 
apparent ly  "...survived repeated,  widespread, and severe f i res1 '  
i n  t h e  pas t .  Vogl c i t e s  a s  an example a f i r e  on the  s lopes  of 
Mauna Loa i n  1924 which burned 12 square miles of open f o r e s t  
between e leva t ions  of 5600 and 7200 f e e t .  Mueller-Dombois and 
Lamoureux (1 967) s tudied  the  s o i l s  of Kipuka K i  and Ripuka 
Puaulu, j u s t  below the  Mama Loa mountain parkland. S o i l  p i t s  
revealed fragments of charcoal  i n  the  f o r e s t  s o i l s  of these  
kipukas which were dated a t  2000 years  o ld ,  ind ica t ing  t h a t  f i r e  
had occurred during t h e i r  development. Analysis of the  savannah 
s o i l s  of t h e  two kipukas implied t h a t  the  grass-dominated 
savannah vegeta t ion  may have o r ig ina ted  a f t e r  a f i r e .  
Other disturbance f a c t o r s  include introduced herbivores such 
a s  goa t s ,  p igs ,  and c a t t l e .  Much of the  mountain parkland 
ou t s ide  t h e  Park has been overgrazed by both f e r a l  and domestic 
animals s o  t h a t  the  o r i g i n a l  vegeta t ion  cover is gone. I n  
p a r t i c u l a r ,  grasses  have invaded former f o r e s t  a r e a s  ( ~ o b y n s  & 
Lamb 1 939 ) . 
E f f e c t s  of Fe ra l  Herbivores on Parkland Vegetation 
One of the  major e f f e c t s  of f e r a l  goa t s  on the  vegeta t ion  of 
the  mountain parkland is  in te r fe rence  with the  vegeta t ive  
reproduction of Acacia koa. Spatz and Mueller-Dombois (1 973) 
-
used an  exclosure near  the  Mama Loa S t r i p  Road of t h e  Hawaii 
Volcanoes National  Park t o  analyze t h e  goat  damage i n  koa 
colonies .  Af te r  th ree  years  of protec t ion ,  koa roo t  suckers were 
counted, measured, and mapped along t en  t r a n s e c t s  run through the  
exclosure.  These data were compared with t h a t  c o l l e c t e d  from 
t r a n s e c t s  of s i x  o the r  unfenced koa colonies.  Resu l t s  showed 
t h a t  koa suckers  below 10 cm i n  he igh t  were numerous i n  t h e  a reas  
browsed by goa t s ,  b u t  l a r g e r  koa suckers  were r a r e  and exhib i ted  
s i g n s  of goat  damage. I n  c o n t r a s t ,  many koa suckers  above 10 cm 
i n  he igh t  were present  wi th in  t h e  exclosure,  wi th  s i z e  c l a s s e s  
from 10 cm t o  1 m being well  represented.  These r e s u l t s  i n d i c a t e  
t h a t  a l a r g e  population of goa t s  i n  loca l i zed  a r e a s  of t h e  
mountain parkland may s e r i o u s l y  hamper t h e  reproduction of Acacia 
koa and thus  a l t e r  t h e  s t r u c t u r e  of t h e  ecosystem. 
-
The f e r a l  p ig  i s  a l s o  found i n  the  mountain parkland 
ecosystem of Mauna Loa. Spatz  and Mueller-Dombois (1 375) s tudied  
t h e  p a t t e r n s  of p l a n t  succession a f t e r  p ig  d is turbance  i n  the  
g ras s l ands  of the  ecosystem. Severa l  p l o t s  were e s t ab l i shed  i n  a 
f r equen t ly  pig-disturbed a rea  i n  t h e  upper p a r t  of the  parkland 
(1880 m o r  6200 f t  e l eva t ion ) .  P r i o r  t o  t h e  beginning of the  
- - 
s tudy,  the  n a t i v e  grasses  such a s  Deschampsia a u s t r a l i s  and 
Panicum tenuifol ium had been uprooted and strewn about by pigs.  
These endemic g rasses  and the  indigenous sedge Carex macloviana 
were s t i l l  p resen t  a t  t he  edges of t h e  p lo t .  Nevertheless ,  
dur ing  the  fol lowing year  t h e  introduced v e l v e t  g r a s s  ( ~ o l c u s  
l ana tus )  invaded the  d is turbed p l o t  and became the  dominant 
species .  A t  t he  same s i t e ,  t r a n s e c t s  were l a i d  ou t  over a reas  
wi th  d i f f e r e n t  degrees of p ig  d is turbance .  An examination of the  
p l a n t  succession along these  t r a n s e c t s  ind ica ted  t h a t  t h e  endemic 
g r a s s e s ,  Deschampsia and Panicum, could reoccupy a r e a s  t h a t  were 
n o t  continuously disturbed.  
Resu l t s  from a r t i f i c i a l l y  d i s tu rbed  p l o t s  a t  another  
parkland s i t e  suggest  t h a t  the  d is turbance  of digging and leaving 
t h e  uprooted p l a n t s  favors  succession of introduced p lan t s .  By 
c o n t r a s t ,  a r t i f i c i a l l y  scalped and c l ea red  p l o t s  were invaded by 
t h e  endemic ~ e s c h a m ~ s i a  i s t r a l i s  a s  wel i  a s  t h e  introduced 
Holcus lanatus .  These f ind ings  demonstrate t h a t  continued pig 
d is turbance  could d r a s t i c a l l y  inf luence  the  spec ies  composition 
of t h e  Mauna Loa grass lands ,  through replacement of na t ive  
s p e c i e s  by e x o t i c  grasses.  
C a t t l e  Grazing i n  t h e  Mauna Loa Mountain Parkland 
Most of the  mountian parkland ecosystem has been much 
changed through grazing of introduced herbivores.  F e r a l  goats  
and p i g s  have been and remain a f a c t o r  inf luencing  the  
vege ta t ion ,  bu t  t h e  most important mammalian herbivores i n  the  
parkland a s  a whole a r e  domestic c a t t l e .  Much of the  Mauna Loa 
parkland ecosystem has been converted i n t o  c a t t l e  ranches, 
al though a por t ion  remains wi th in  the  Mauna Loa s t r i p  of t h e  
Hawaii Volcanoes National  Park. 
C a t t l e  have grazed i n  the  mountain parkland f o r  wel l  over 
100 y e a r s  ( ~ a ~ e r l u n d  1943). This  grazing continued even a f t e r  
t h e  inc lus ion  of the  Mama Loa s t r i p  i n t o  the  National  Park. The 
h i s t o r y  of  c a t t l e  grazing i n  t h e  Hawaii Volcanoes National  Park 
has  been reviewed by Apple (1954). The National  Park was 
e s t a b l i s h e d  i n  191 6 ,  bu t  t h e  Mauna Loa s t r i p  (encompassing 46,050 
a c r e s )  was no t  added u n t i l  1927. The mountain parkland por t ion  
of t h e  s t r i p  add i t ion  had been considered choice grazing land,  s o  
t h e  T e r r i t o r i a l  government reserved grazing r i g h t s  i n  t h e  s t r i p  
and l eased  them t o  Kapapala Ranch. Th i s  s i t u a t i o n  continued 
unchallenged u n t i l  t he  1930 's  when two f o r e s t e r s ,  C. S. Judd and 
L. W .  Bryan, complained t h a t  Acacia - koa i n  the  a rea  was no t  
reproducing. A s  a r e s u l t ,  t h e  Park Superintendent  asked the  
T e r r i t o r i a l  governor t o  suspend grazing on the  Mauna Loa s t r i p ,  
b u t  no a c t i o n  was taken. 
Then i n  1935, the  adjacent  ranch which had leased  grazing 
r i g h t s  i n  t h e  park decided t o  c l e a r  shrubs and t h i c k e t s  (mostly 
~ t h h e l i a  and - ~ o d o n a e a )  on park land t o  f a c i l i t a t e  c a t t l e  
round-up. The Park Superintendent  objec ted  and the  c l ea r ing  
a c t i o n  - ceased. This  episode was the  beginning of a controversy 
between t h e  T e r r i t o r y  of Hawaii and t h e  National Park over 
c o n t r o l  of t h e  Mama Loa s t r i p .  The d i f f e rence  was s e t t l e d  i n  
1938 when t h e  Secre tary  of t h e  I n t e r i o r  i n s t r u c t e d  t h e  Di rec to r  
of t h e  National  Park Service  t o  terminate grazing wi th in  the  
Park,  because the  T e r r i t o r y ' s  claim t o  graz ing  r i g h t s  i n  t h e  area  
was void. 
By 1940 a l l  c a t t l e  had been removed from the  Mama Loa s t r i p  
s e c t o r  of t h e  National Park. However, t h i s  r e l ease  from c a t t l e  
g raz ing  l a s t e d  only 18 months. Af te r  the  Second World War broke 
ou t ,  Kapapala Ranch, which had formerly leased grazing r i g h t s  t o  
t h e  s t r i p ,  requested t h a t  t h e i r  l e a s e  be renewed. The Park 
Super in tendent  denied the  reques t ,  bu t  was ordered by the  
m i l i t a r y  governor t o  permit grazing wi th in  t h e  National  Park. 
Therefore ,  c a t t l e  grazing re turned t o  t h e  mountain parkland 
p o r t i o n  of t h e  National Park i n  1942 and continued u n t i l  1948. 
A t  t h a t  t ime over 330 c a t t l e  were removed from the  Mama Loa 
s t r i p ,  and t h e  ban on grazing has continued t o  the  present .  
Although t h e  de t r imenta l  e f f e c t s  of c a t t l e  grazing on 
Hawaiian vegeta t ion  i n  general  have been recognized f o r  some 
t ime,  few q u a n t i t a t i v e  analyses of c a t t l e  damage i n  t h e  Mauna Loa 
mountain parkland have been attempted. One such study by Baldwin 
and Fagerlund (1943) compared t h e  number and s i z e  of Acacia koa 
t r e e s  i n  t h r e e  p a i r s  of p l o t s  i n  the  National  Park. One p l o t  
p a i r  had been f r e e  of c a t t l e  grazing f o r  s i x  years; another  p a i r  
of p l o t s  was ungrazed f o r  s i x  months; and t h e  t h i r d  p l o t  p a i r  was 
continuously grazed. I n  the  s i x  year  o ld  exclosures,  a l a rge  
number of koa sap l ings  approximately 1 2  f e e t  i n  he ight  were 
counted. The s i x  month o ld  exclosures had an abundance of young 
r o o t  suckers ,  up t o  30 inches i n  he ight ,  b u t  o lder  sap l ings  were 
absent .  The continuously grazed p a i r  of p l o t s  had no sap l ings  
and few suckers .  Those r o o t  suckers  t h a t  were present  were under 
s i x  inches  i n  he ight  and had been browsed and trampled. The 
conclusion of the  authors  was t h a t  c a t t l e  grazing suppressed koa 
reproduct ion  and prevented the  perpetua t ion  of the  n a t u r a l  koa 
groves. These f ind ings  were supported by a n a l y s i s  of a e r i  
photographs of t h e  ~ & n a  Loa stEip of the  Hawaii Volcanoes 
Nat ional  Park a f t e r  c a t t l e  had been removed. Comparison of two 
s e t s  of these  photographs, taken I 1  year s  a p a r t ,  showed t h a t  koa 
co lon ies  were penet ra t ing  the  grass lands  through expansion from 
root-suckering a t  a r a t e  of 0.5-2.5 m per  year  ( ~ u e l l e r ~ o m b o i s  & 
Kra j ina  1963). 
Although c a t t l e  have been el iminated from the  National  Park, 
graz ing  continues on the  two ranches adjacent  t o  t h e  Mauna Loa 
s t r i p .  Ves t iges  of the  former parkland vegeta t ion  remain i n  the  
introduced g r a s s  communities of these  ranches. Decadent and dead 
Acacia - koa and Sophora chrysophylla t r e e s ,  S typhel ia  and 
m i u r n  shrubs,  and patches of n a t i v e  grasses  i n  pro tec ted  
s p o t s  a r e  i n d i c a t o r s  of the  former vegeta t ion  cover on Keauhou 
Ranch. 
The p resen t  grassland communities of Keauhou Ranch were 
c l a s s i f i e d  and mapped by Spatz (1973). Analysis  of y i e l d s  of dry 
ma t t e r  and p r o t e i n  i n  the  var ious  pas ture  communities revealed 
t h a t  only a small por t ion  of t h e  ranch was a c t u a l l y  productive 
pas ture .  Spatz recommended t h a t  ha l f  of t h e  ranchland now grazed 
be r e t a i n e d  a s  pas ture  and improved. The r e s t  of the  ranch 
p a s t u r e s  could then be devoted t o  a l t e r n a t i v e  uses  such a s  
c u l t i v a t e d  koa f o r e s t ,  thereby increas ing  t h e  e f f i c i ency  of land 
use. I t  is  d i f f i c u l t  t o  imagine t h e  n a t u r a l  parkland vegetat ion 
reappearing independently i n  an a rea  so a l t e r e d  by grazing,  even 
though t h e  seed source f o r  na t ive  p l a n t s  is present  i n  the  
National  Park. However, a recovery of downgraded na t ive  
vege ta t ion  i n  the 'absence of herbivores is no t  inconceivable. 
INTRODUCTION 
A s  i s  the  case with most o ther  oceanic i s l ands ,  the  Hawaiian 
I s l a n d s  have v i r t ua l l y  no indigenous mammals. Previous t o  the 
a r r i v a l  of humans, these i s l ands  supported only two such species. 
The Polynesians who first peopled the  Hawaiian I s lands  brought 
t h r ee  species  of mammals with them: the  dog, the  pig ,  and the  
Polynesian r a t .  It was only with the  advent of Europeans i n  the  
l a t e  1 9 t h  century t h a t  Hawai'i began t o  be populated with large 
herbivores having the po ten t ia l  t o  g rea t ly  a l t e r  the  vegetation. 
The e f f e c t s  of introduced herbivores on the f l o r a  of the 
Hawaiian I s lands  have been devastat ing.  A s  the  p lan t  species of 
the  Hawaiian I s lands  have evolved i n  the  absence of any grazing 
pressure ,  they a r e  largely  lacking i n  mechanisms t o  d e t e r  large 
herbivores ( ~ a r l ~ u i s t  1970). 
The mountain parkland ecosystem, with its h i s to ry  of c a t t l e  
grazing,  provides an opportunity t o  c losely  examine the 
consequences of t h i s  grazing i n  a na tu r a l  Hawaiian vegetat ion 
type. By comparing two port ions of the  same ecosystem separated 
f o r  30 years  i n to  a grazed ranch area  and a segment protected by 
inc lus ion  i n t o  the Hawaii Volcanoes National Park, the  impact of 
c a t t l e  on t h i s  ecosystem may be de ta i l ed .  The objective of t h i s  
study i s  t o  determine the  e f f e c t s  t h a t  c a t t l e  have had on the  
vegeta t ion and s o i l s  of the mountain parkland. 
Three hypotheses a r e  presented here: the  f i r s t ,  t h a t  c a t t l e  
grazing has a l t e r ed  the s t ruc tu re  and f l o r i s t i c  composition of 
the  parkland ecosystem; the second, t h a t  c a t t l e  grazing has 
suppressed a l t i t u d i n a l  va r ia t ion  i n  p l an t  communities of the 
ecosystem; and t h i rd ly ,  t h a t  s o i l  physical and chemical 
p roper t i es  have been impaired under the  influence of c a t t l e  
grazing. Thus the objectives of t h i s  study were t o  compare the  
vegeta t ion s t ruc tu re ,  f l o r i s t i c  composition, and s o i l  proper t ies  
of t he  ungrazed area i n  the  National Park and the  grazed area i n  
t he  adjacent  Keauhou Ranch, and t o  examine them f o r  differences 
which might be a t t r i bu t ed  t o  c a t t l e  grazing. Despite the 
presence of o ther  introduced mammals in the  mountain parkland, 
c a t t l e  grazing has been the major f a c t o r  i n  the  a l t e r a t i o n  of the 
vegeta t ion of the parkland ecosystem. Continued c a t t l e  grazing 
on t h e  por t ion of the  parkland within Keauhou Ranch has resul ted  
i n  t he  conversion of grasslands dominated by nat ive  p lan t s  i n to  
pas tures  of introduced grass  species ,  even though the  seed of 
na t i ve  grasses  is  avai lable  i n  the  adjacent  park. 
THE STUDY AREA 
Geography, Geology, and S o i l s  
The a rea  s tud ied  is the  mountain parkland ecosystem on the  
e a s t  f l a n k  of Mauna Loa of Hawai' i ,  t h e  l a r g e s t  of t h e  Hawaiian 
I s l a n d s .  Th i s  ecosystem was f i r s t  designated "mountain parkland" 
by Robyns and Lamb (1939). The mountain parkland is found 
between 4500 f e e t  (1 372 m) and 6600 f e e t  (2012 m) e l eva t ion  on 
Mama Loa, a mountain whose summit is 13,680 f e e t  (4170 m) above 
sea  l eve l .  Study s i t e s  a r e  loca ted  i n  t h e  Mama Loa s t r i p  
p o r t i o n  of t h e  Hawaii Volcanoes National  Park and i n  Keauhou 
Ranch ad jacen t  t o  the  park ( ~ i g .  I ) .  
The s u b s t r a t e  of t h e  mountain parkland c o n s i s t s  of 
p r e h i s t o r i c  l ava  flows of t h e  Ka'u (and poss ib ly  ~ a h u k u )  volcanic 
S e r i e s  which covers  a major p a r t  of t h e  mountain. Both ' a ' a  and 
pahoehoe l avas  a r e  present  and ind iv idua l  flows average 15 f e e t  
i n  th i ckness  ( ~ a c d o n a l d  & Abbott 1970). The Keamoku lava flows, 
l a t e  p r e h i s t o r i c  ' a ' a  flows which a r e  found on Keauhou Ranch and 
down t h e  c e n t e r  of the  Mauna Loa s t r i p ,  a r e  more r ecen t  than most 
of t h e  flows i n  t h e  mountain parkland (pe te r son  1'367). These 
l avas  appear t o  be r ecen t  bu t  cannot be a t t r i b u t e d  t o  any 
h i s t o r i c  flow, thus  the  term l a t e  p r e h i s t o r i c .  
The lower lavas  of Mauna Loa a r e  covered by va r i ab le  ash 
depos i t s .  I n  t h e  mountain parkland ecosystem these  ash  depos i t s  
a r e  shallow and discontinuous with occasional  rock outcroppings. 
Two types of ash  a r e  present:  l i g h t  brown Pahala ash  and more 
r e c e n t  g ray i sh  a sh  of Kilauea o r  Halemaumau o r ig in .  The average 
depth  of s o i l  is 20 t o  25 cm ( D O ~ Y  & Mueller-Dombois 1966). The 
a s h  s o i l s  of the  mountain parkland may be c l a s s i f i e d  a s  andept 
I n c e p t i s o l s  i n  t h e  modern system of s o i l  taxonomy ( ~ a t o  e t  a l .  
1973). These s o i l s  were previously c l a s s i f i e d  a s  in t razonal  
s o i l s  of t h e  Brown Fores t  S o i l  Great  S o i l  Group ( c l i n e  e t  a l .  
1955). 
Mountain parkland s o i l s  of the  s tudy s i t e s  may be placed 
i n t o  t h e  Hanipoe and Apakuie S o i l  Se r i e s .  Parkland s o i l s  of the  
Hanipoe S e r i e s  a r e  e i t h e r  s i l t y  loam o r  s tony loam of 1 2  t o  205 
s lope .  These s o i l s  a r e  moderately well  developed with an A and a 
B horizon. A notable  c h a r a c t e r i s t i c  of t h i s  s o i l  s e r i e s  is a 
d i s t i n c t  red  band i n  the  lower por t ion  of t h e  A horizon. Apakuie 
S e r i e s  s o i l s  of t h e  a rea  a r e  very s tony,  very f i n e  sandy loam 
wi th  a 1 2  t o  20$ slope. The upper reaches of t h e  mountain 
parkland have a high proport ion of a rea  mapped a s  rockland o r  
very s tony land ( s a t 0  e t  a l .  1973). 
Climate 
The mountain parkland ecosystem has a summer-dry cl imate 
wi th  a mean annual r a i n f a l l  of 1250 mm ( ~ u e l l e r ~ o m b o i s  1967). 
Two In t e rna t i ona l  Biological Program (IBP) weather s t a t i ons  a re  
present  i n  t he  parkland along the Mauna Loa s t r i p  road: one a t  
5400 f e e t  (1 646 m) elevation and another a t  6600 f e e t  (201 2 m) , 
which i s  the  upper l i m i t  of the ecosystem. 
Ra in fa l l  and temperature data from these  s t a t i ons  were 
displayed i n  climate diagrams  ridges & Carey 1973, 1974, I 975 ) , 
which exh ib i t  the  summer-dry aspect  of the  parkland climate. 
These cl imate data  of 1972, 1973 and 1974 d e t a i l  weather 
condit ions concomitant with the period during which f i e l d  
sampling was undertaken f o r  the present  study of parkland 
vegetation.  I n  1972, the  cl imatic diagram f o r  the  s t a t i o n  a t  
5400 f e e t  e levat ion shows dry periods occurring i n  the  months of 
May and Ju ly ,  separated by a wetter  June. The 1973 diagram fo r  
t h i s  s t a t i o n  exh ib i t s  a pronounced dry period from May through 
August and an addi t ional  one i n  January. I n  1974, the  a r i d  
i n t e r v a l  was again from May t o  August. The climate diagrams f o r  
t he  s t a t i o n  a t  5400 f e e t  elevation indicated some var ia t ion  i n  
t he  we t t e s t  months f o r  the three  years. I n  1972, months with 
more than 100 mm r a i n f a l l  were January, February, March, April ,  
November, and December. The wet tes t  months of 1973 were March, 
gctober,  and November. I n  1974, March, Apri l ,  November, and 
December had more than 100 mm p rec ip i ta t ion .  Total  r a i n f a l l  a t  
t h i s  s t a t i o n  was approximately 900 mm i n  1973 and 1200 mm i n  
1974. In te rcep t ion  of fog may make a subs t an t i a l  contribution t o  
p r ec ip i t a t i on  i n  the  por t ion.  of the  parkland above 4929 f e e t  
(1500 meters) elevation.  This fog and cloud water in tercept ion 
may be pa r t i cu l a r l y  important during the  dry summer months (3uvik 
& P e r r e i r a  1973) , 
Data from the weather s t a t i o n  a t  5600 f e e t  elevation 
produced climate diagrams s imilar  t o  those f o r  the  lower s ta t ion .  
The dry period f o r  a l l  three years occurred during June and Ju ly ,  
but  it was l e s s  severe than the one a t  5400 f e e t  elevation. An 
add i t iona l  dry in te rva l  occurred i n  January of 1973, para l l e l ing  
a January drought a t  5400 f e e t  elevation.  A s  with the  lower 
s t a t i o n ,  the re  was some var ia t ion  i n  months with the most 
r a i n f a l l .  I n  1972, January, April ,  November, and December were 
t he  wet tes t  months. Months with t he  highest  r a i n f a l l i n 1 9 7 f ,  
were February, September, October, and November. I n  1974, March, 
Apri l ,  November, and December were months with more than 100 mm 
prec ip i ta t ion .  Cumulative r a i n f a l l  f o r  t h i s  upper parkland 
s t a t i o n  was approximately 1550 mm i n  1973 and 1350 mm i n  1974. 
Mean annual temperatures f o r  the  two parkland s t a t i ons  
d i f fe red ,  with the  upper s i t e  being somewhat colder. The mean 
annual temperature f o r  the 5400 f e e t  e levat ion s t a t i o n  was 
13.08% i n  1972, 13.33% i n  1973, and 12.67% i n  1974. A t  the  
5600 f e e t  e levat ion s ta t ion  mean annual temperatures f o r  the  
th ree  years of 1972, 1973, and 1974 were 1 0 . 5 7 ~ ~ ,  10.50°~,  and 
10.42 % , respectively.  A t  the  lower s t a t i o n  monthly maximum 
temperatures ranged from 19% t o  30°C, and monthly minimum 
temperatures ranged from 0 OC t o  1 1 OC f o r  the  years 1972-74 
Monthly maximum temperatures of 1 3 ' ~  t o  2 5 ' ~  and monthly minimum 
temperatures of -5OC t o  6 0 ~  were recorded a t  t he  upper si te 
( ~ r i d ~ e s  & Carey 1973, 1974, 1975). 
F r o s t  does not  seem t o  be an  important element i n  t h e  
c l imate  a t  t h e  5400 f e e t  e levat ion .  I n  1973, no temperatures 
below OOC ( 3 2 O ~ )  were recorded, and i n  1974, only one day ( i n  
~ e p t e m b e r )  had a recorded minimum temperature of OOC o r  below. 
Na tu ra l ly ,  temperatures a r e  lower a t  6500 f e e t  e l eva t ion ,  and 
f r o s t  occurs  more f requent ly .  During 1973, s i x  days had recorded 
temperature of OoC o r  below. These low temperatures occurred i n  
February; a l l  o the r  months were apparently f ros t - f r ee .  During 
1974, 33 days had minimum temperatures a t  o r  below t h e  f r eez ing  
point .  These days wi th  p o t e n t i a l  f r o s t  were d i s t r i b u t e d  
throughout t h e  f i r s t  f o u r  months of the  year  a s  follows: January,  
s i x  days; February, 22 days; March, fou r  days; and Apr i l ,  one day 
 ridges & Carey 1974, 1975 ) . 
Month t o  month mean r e l a t i v e  humidity f o r  t h e  weather 
s t a t i o n  a t  5400 f e e t  e l eva t ion  ranged between 51 and 93% 
s a t u r a t i o n  over the  yea r s  of 1972, 1973, and 1974. Month t o  
month minimum r e l a t i v e  humidity var ied  from 9 t o  84% while  t h e  
month t o  month maximum r e l a t i v e  humidity was always 100% during 
t h e  same t h r e e  years.  The mean annual r e l a t i v e  humidity was 77% 
i n  1973 and 82% i n  1974. A t  the  upper s t a t i o n  month t o  month 
mean r e l a t i v e  humidity va lues  were between 50 and 88%; month t o  
month minimum r e l a t i v e  humidity ranged between 3 and 32%; and 
monthly maximums were a l l  100% during t h e  years  1972-74. Hean 
r e l a t i v e  humidity a t  6600 f e e t  e l eva t ion  was 59% f o r  1973 and 77% 
f o r  1973 ( ~ r i d ~ e s  5( Carey 1973, 1974, 1975 ) . 
Vegetat ion 
A parkland formation i s  a non-uniform vegeta t ion  type o r  
"macro-mosaicu containing d i f f e r e n t  p l a n t  communities   alter 
1971 ) . The t h r e e  bas i c  communities of t h e  Mama Loa mountain 
parkland a r e  g r a s s  communities, shrub communities, and t r e e  
communities ( ~ u e l l e r - ~ o m b o i s  1967). The g r a s s  communities 
con ta in  both n a t i v e  and e x o t i c  g ras s  and herb spec ies ,  while  the  
shrub communities a r e  b a s i c a l l y  composed of na t ive  shrubs. The 
dominant t r e e  i n  the  parkland- is  i c a c i a  koa (koa) ,  bu t  
chrysophylla  (mamane) and Metrosideros p o l ~ r p h a  ('ohi'a-lehua 
a r e  a l s o  present .  
Using a syn thes i s  t a b l e  technique, Newel1 (1 968) included 
the  mountain parkland i n  an  Acacia =-Holcus l ana tus  
(ve lve tgrass)  a l l i a n c e ,  and spec i f i ed  two cha rac te r  ( a c t u a l l y  
d i f f e r e n t i a l )  spec ies  f o r  the  area:  Panicum tenuifol ium, a 
n a t i v e  g r a s s ,  and Rumex a c e t o s e l l a  (sheep s o r r e l ) ,  a n  introduced 
herb. Severa l  d i f f e r e n t  schemes f o r  vegeta t ion  zonation have 
placed t h e  mountain parkland i n  various zones. Hi l lebrand (1 838 ) 
c a l l e d  t h e  zone i n  which t h e  mountain parkland occurs t h e  upper 
forest-zone. Rock (1913) and o the r s  a l s o  r e f e r r e d  t o  t h i s  zone 
a s  t h e  upper f o r e s t  region. Robyns and Lamb (1939) placed the  
mountain parkland i n  a spec i f i c  Parkland zone. I n  the  plan of 
Ha r t t  and Neal (1 940), who worked on Mauna Kea, the  mountain 
parkland would be placed i n to  the  subalpine zone. The mountain 
parkland ecosystem was included i n  the  ~ ( 1 )  zone of Ripperton and 
Hosaka (1942). The natural  cover of t h i s  zone was described a s  
open f o r e s t  and shrub used f o r  dry range. Krajina (1953) 
u t i l i z e d  t he  scheme of Ripperton and Hosaka f o r  h i s  
biogeoclimatic zones which a r e  based on climate and s o i l s  a s  well 
a s  vegetation cover. The mountain parkland f a l l s  i n  the  subhumid 
mesothermal zonal group of Krajina where vegetation cover is 
described a s  mixed mesophytic and xerophytic, more o r  l e s s  open 
scrub fo r e s t .  Mueller-Dombois (1 976) incorporated the  mountain 
parkland i n t o  a montane seasonal zone extending from 3800 t o  6705 
f e e t  e leva t ion  on Mauna Loa. 
The present vegetation of the  mountain parkland ecosystem 
within the  Hawaii Volcanoes National Park is  apparently similar  
t o  t h a t  of pre-European times. Archibald Menzies, the f i r s t  
European t o  reach the summit of Mauna Loa, passed through the 
parkland region i n  1794 and described the  vegetation halfway up 
t he  wooded port ion of Mauna Loa a s  clumps o r  groves of t r e e s  and 
grassy spots  ( ~ e n z i e s  1920). I n  1834, the  bo tan i s t  David Douglas 
described a port ion of the slopes of Mama Loa a s  grassy pla ins  
with mamane t r e e s  above koa f o r e s t s  and below "brushwood" ( ~ i l s o n  
1919). 
F i r e s  have occurred i n  the  pa s t  i n  the mountain parkland 
( ~ u e l l e r - ~ o m b o i s  1967; Vogl 1969) and i n  the  kipukas and savanna 
below the  parkland ecosystem ( ~ u e l l e r - ~ o m b o i s  & Lamoureux 1957). 
F i r e s  s t a r t e d  by lava flows may have encouraged the  expansion of 
t he  grasslands of the  parkland ecosystem ( ~ u e l l e r - ~ o m b o i s  1357). 
F i r e  may r e t a rd  the  spread of koa t r e e s  i n t o  the  grassland 
matrix,  but  according t o  Vogl (1 969) , the  nat ive  bunchgrass 
communities of the  ecosystem are  "possibly not dependent on f i r e ,  
except i n  forest-shrub ecotones..." 
Disturbance by introduced herbivores has been an important 
f a c t o r  i n  the  a l t e r a t i on  of vegetation i n  the  mountain parkland. 
Fera l  goats ,  descended from European introductions i n  the 18th  
and 19 th  centur ies  ( ~ r a m e r  1971 ) ,  a r e  present  i n  the  ecosystem. 
These animals may a l t e r  the s t ruc tu r e  of the  parkland ecosystem 
by i n t e r f e r i ng  with the reproduction of koa t r e e s  (spatz  and 
Mueller-Dombois 1973). The f e r a l  pig,  a Polynesian and ear ly  
European int roduct ion,  is another herbivore found i n  the  area. A 
study of p lan t  succession a f t e r  pig disturbance ( ~ p a t z  & 
Mueller-Dombois 1975) indicated t h a t  continuous pig digging may 
r e s u l t  i n  replacement of nat ive  grasses  by exot ic  species. 
Another important mammalian species introduced i n t o  the  parkland 
is  c a t t l e  which have grazed i n  the  mountain parkland f o r  over 100 
years  ( ~ a ~ e r l u n d  1947). Even though the  Mama Loa s t r i p  was 
added t o  Hawaii Volcanoes National Park i n  1927, c a t t l e  grazing 
continued within the  park un t i l 1948 .  I n  a study of the  e f f ec t s  
of c a t t l e  on the  woody vegetation of the  mountain parkland 
ca r r i ed  out  before the cessation of grazing. Baldwin and 
Fagerlund (1943) concluded that browsing and trampling by cattle 
prevented natural koa reproduction. Although cattle are no 
longer permitted within the National Park, cattle grazing 
continues in the adjacent ranches. This situation permits a 
comparative study of the two areas, for the purpose of 
determining the effects of cattle on the vegetation of the 
ecosystem. 
METHODS 
Field Procedure 
Site selection.--After reconnaisance, 15 sites were chosen 
along the Mama Loa Strip Road. Sampling sites were placed 
systematically along the Hawaii Volcanoes National Park-Keauhou 
Ranch boundary within the mountain parkland ecosystem. Unless 
the distribution of plants is random, such a sampling plan may 
best represent the vegetation of an area as large as the mountain 
parkland. The fenced boundary line between park and ranch 
separates two portions of the same ecosystem and effectively 
serves to exclude cattle from the part of the parkland included 
in the National Park. 
Beginning at 4500 feet elevation, paired sites were placed 
at intervals of 200 feet in altitude up to an elevation of 5000 
feet. A pair of sites was established at each chosen elevation, 
one within the Hawaii Volcanoes National Park and one inside the 
Keauhou Ranch, Except for the two uppermost elevations, 
the two sites in a pair were quite close to one another. In some 
cases, paired sites were directly across the boundary fence from 
each other. Due to a lava flow which ran along the park-ranch 
boundary above 5400 feet elevation, the two upper ranch sites 
were placed further into the ranch, east of the park boundary. 
Vegetation sampling.--RelevF placement was restricted to 
relatively level areas away from such obvious disturbances as 
roads, jeep trails, and cattle paths. Depressions and rocky 
outcroppings were avoided. When possible, relevzs were located 
within sight of the park-ranch boundary fence. At each site in 
park or ranch, three relevss (10 m X 10 m) were established, two 
in grass communities and one in a shrub community. Two relevgs 
were established in the grassy areas of each site in order to 
preclude the possibility of the vegetation of one relevS being 
nonrepresentative of the site as a whole. 
The vegetation was stratified into grass and shrub 
communities; grass communities by definition had at least 50% 
grass cover, and shrub communities should have had at least 50% 
cover of shrub species. However, several relevzs had shrubs 
covering only 40% or even 30% of the area even though the site 
appeared t o  be dominated by shrub species.  A shrub was defined 
a s  a woody p l an t  below 2 m i n  height. 
The two r ep l i c a t e  grass  community re levzs  a t  each s i t e  were 
placed approximately lop apart .  A l l  re levgs  were 10 m X 10 m i n  
s i z e .  A relevE; of 100 sq may be considered t o  f u l f i l l  the  
minimal a rea  requirements f o r  t yp i ca l  grassland communities 
(~ueller-Dombois & Ellenberg 1974). A basel ine  was l a i d  out  i n  a 
nor th  t o  south d i rec t ion  from which f i v e  t ransec t s  were run a t  
r i g h t  angles. 
Vegetation sampling i n  t he  grassland relevBs was 
accomplished using a point  frequency frame (~ueller-Dombois & 
Ellenberg 1974). This frame w a s  1 m long and 1 m high and 
ca r r i ed  f i v e  metal points. The frame was held upr ight  and only 
t he  first in te rcep t ion  of vegetation by the  point  was recorded. 
The po in t  frequency frame was moved along t he  f i v e  t ransec t s  of 
each grassland relev8,  r esu l t ing  i n  a t o t a l  of 250 points  per 
relev8.  A t  each point  the  species s t ruck was recorded, and a t  
every o ther  point  the height of the  p l an t  was measured i n  
centimeters.  Rock, bare s o i l ,  l i t t e r ,  and c a t t l e  feces  were 
recorded i n  t he  same manner a s  p l an t  species  i n  the  sampling. 
Percentage cover f o r  each species i n  a relevPs was determined 
from the  250 sample points. 
Sampling procedure i n  the shrub relevPs varied somewhat from 
t h a t  of the  g rass  communities. When the  shrubs were below a 
meter i n  height ,  the point  frame was used. Otherwise, a l i n e  
msrked every 20 cm was run down the  t r an sec t  through the  shrubs, 
and a pole was lowered t o  the l i n e  a t  each mark t o  determine the  
cover above each sampling point .  When the  t r an sec t  crossed 
shrubs i n  impenetrable th icke t s ,  the  cover was estimated 
according t o  the  width of the th icke t .  Heights of the  shrubs 
were measured a t  every other point. 
S o i l  sampling.--At each s i t e  one s o i l  p i t  was dug within the  
previously sampled grassland relev8. The t o t a l  s o i l  depth and 
depth of each horizon were noted. A t  t he  same time, the  f resh  
s o i l  co lo r  of each horizon was determined using a Munsell color 
char t .  S o i l  samples f o r  l a t e r  ana lys i s  were taken from the 
cen te r  of each horizon of the s o i l  p i t s  and placed i n  p l a s t i c  
bags. S o i l  depth a t  each s i t e  was sampled 50 times using a s o i l  
probe s l i g h t l y  over I m i n  length. This  depth sampling was 
ca r r i ed  out  within the two grass community re levss  of each s i t e .  
Although surface rocks were avoided, an  attempt was made t o  
sample the  s o i l  depths throughout the  two relev8s.  A l imi ta t ion  
of this method is  t h a t  the s t r i k i n g  of i so l a t ed  rocks below the  
s o i l  surface may lead t o  the underestimation of s o i l  depth. I n  
order  t o  determine the  bulk densi ty  of the  s o i l s ,  s o i l  core 
samples were taken from the  grass community relevgs of each s i t e .  
Analysis of Aer ia l  Photographs 
Two s e t s  of a e r i a l  photographs of Hawaii Volcanoes National 
Park and adjacent  lands were examined. The e a r l i e s t  s e t  of 
photographs was taken i n  1954, s i x  years  a f t e r  c a t t l e  grazing 
ceased i n  t h e  National  Park. The second s e t  of a e r i a l  
photographs was made i n  1965. These a e r i a l  photographs were used 
t o  determine changes i n  t h e  vegeta t ion  s t r u c t u r e  of t h e  mountain 
parkland over t h e  11 year  span. The main ob jec t ive  was t o  
compare t h e  changes i n  t r e e  and shrub cover wi th in  t h e  park with 
those  t h a t  may have occurred i n  t h e  ad jacen t  ranch. 
A s t r i p  of t h e  parkland ecosystem along t h e  park-ranch 
boundary l i n e  was blocked o f f  i n  both a e r i a l  photographs. The 
park and ranch por t ions  of t h i s  s t r i p  were of equal s i z e .  This 
s t r i p  was 12 cm wide and 47 cm long i n  t h e  1954 photograph, which 
had a s c a l e  of 1 : 12,000. For t h e  1955 a e r i a l  photograph, with a 
s c a l e  of 1 : l 7 , O O O ,  a s t r i p  8 cm X 32 cm was blocked o f f .  Within 
each s t r i p ,  t h e  crown cover of t r e e s  was t r aced  from the  
photograph onto a c l e a r  p l a s t i c  sheet .  A c l e a r  p l a s t i c  overlay 
wi th  a g r i d  of po in t s  was used over  t h e  t r a c i n g  of t r e e s .  The 
number of po in t s  s t r i k i n g  t r e e s  was recorded f o r  both t h e  park 
and t h e  ranch por t ion  of t h e  s t r i p .  The same g r i d  of p o i n t s  was 
used f o r  t r a c i n g s  of both t h e  1954 and 1965 photographs. A 
conversion f a c t o r  dependent upon s c a l e  was ca lcula ted  f o r  each 
a e r i a l  photograph. According t o  t h i s  f a c t o r ,  t h e  po in t s  t h a t  
s t r u c k  t r e e s  were converted i n t o  a c r e s  of cover. Tree cover 
could then be determined a s  a percentage of the  t o t a l  acreage i n  
t h e  park o r  ranch block. 
Trees  were e a s i l y  recognized i n  t h e  photographs, b u t  no 
d i s t i n c t i o n  was made between species .  It was assumed t h a t , m o s t  
of t h e  t r e e s  were koa, but  a few mamane and t a l l  Dodonaea 
sandwicensis ( a 1  a i )  were undoubtedly included. More recent  
l ava  f lows and vegeta t ion  types  with Metrosideros polymorpha 
( '  ohi1  a )  a s  t h e  dominant species  were excluded from t h e  cover 
survey. These a r e a s  of d i f f e r e n t  s u b s t r a t e  and vegeta t ion  were 
q u i t e  recognizable i n  the  photographs. 
Shrub cover was determined d i r e c t l y  from t h e  a e r i a l  
photographs using t h e  t r e e  cover overlay and the  p l a s t i c  g r i d  of 
po in t s .  The process of converting p o i n t s  i n t o  percentage cover 
was t h e  same a s  used f o r  t r e e  cover. 
S o i l  Analysis i n  the  Laboratory 
Physical propert ies.  Bulk density of the  parkland s o i l s  was 
determined using the  core samples obtained i n  the  f i e l d ,  which 
were dr ied i n  an oven a t  105OC. The dry weight ( i n  grams) of t h e  
cores divided by the  volume ( i n  cubic centimeters) of the  coring 
device resu l ted  i n  values f o r  bulk density.  Porosity o r  
percentage t o t a l  pore space was calcula ted using values of bulk 
densi ty  and a standard value f o r  p a r t i c l e  density of 2.65 g/cm . 
The following equation ( ~ o m o c i l  1965) was used: 100 x [(2.65 - 
bulk density)/2.55]. I n  addit ion,  t he  t ex ture  of s o i l s  from 
selected s i t e s  was analyzed. The Bouyoucos method ( u t i l i z i n g  a 
hydrometer) was employed t o  determine the  t ex tura l  c l a s s  of these 
s o i l s  ( ~ 0 t h  & Turk 1972). Also, t he  color  of a i r -dr ied s o i l  
samples was determined using the Munsell (1954) color charts .  
Other physical parameters examined included the  f i e l d  
capacity and permanent wi l t ing percentage of the  sample so i l s .  
The f i e l d  capacity of a s o i l  is  considered t o  be the  upper l imi t  
of soil-water re tent ion.  The permanent wi l t ing percentage i s  the 
lower l i m i t  of water ava i l ab i l i t y  t o  plants .  Pressure p la tes  a t  
0.3 bar  (4.8 pounds/square inch) and 15 bars  (220 pounds/square 
inch) ,  respect ively ,  were used t o  approximate these soil-moisture 
constants.  A i r  dried s o i l  was passed through a 2 ma sieve,  
packed i n t o  r ings  on ceramic pressure p la tes ,  and soaked 
overnight. Three subsamples of each s o i l  were t rea ted  i n  t h i s  
manner. The pressure p la te  apparatus was run u n t i l  water loss  
from the  p l a t e  became constant (general ly  f o r  two days); then 
s o i l  samples were weighed, oven dr ied,  and weighed again. 
Percentage water content (gravimetric) was calculated f o r  each 
subsample. This laboratory technique u t i l i z e s  the  standard 
pressure approximations of soil-moisture tension a t  f i e l d  
capacity and permanent wi l t ing point  ( ~ 0 t h  & Truk 1972). The 
soil-moisture tensions a t  f i e l d  capacity and permanent wil t ing 
po in t  a r e  known t o  vary with the  s o i l ,  environmental conditions, 
and t he  p lan t  species concerned, and a r e  thus only approximstad 
here. 
Chemical properties.--The percentage organic carbon of a 
s o i l  sample from each s i t e  was determined using the  Walkley-Black 
method ( ~ l l i s o n  1965). This analysis  was run using 0 .I g of 
a i r -dr ied sieved s o i l  with three subsamples se lected from each 
sample. S o i l  sample pH's were measured with a Beckman pH meter 
using the  paste  method ( s o i l  and d i s t i l l e d  water). Extractable 
amounts of phosphorus, potassium, calcium, and magnesium i n  the  
s o i l s  were determined by the  S o i l  Testing Service of the  
Universi ty of Hawaii-U.S.D.A. Cooperative Extension Service. 
Estimations of pounds per acre of these four  nu t r i en t s  were made 
using a rapid  turbidometric o r  colorimetric method. These 
r e s u l t s  were then converted i n t o  f e r t i l i t y  levels .  A s  t h i s  
method determines the  amount of nu t r i en t  extracted from the  s o i l ,  
it is not  an accurate measure of t he  t o t a l  nu t r ien t  content o r  
a v a i l a b i l i t y  of nu t r ien t s  t o  plants.  
Data Processing 
Percentage p l a n t  cover da ta  were processed using two 
c l a s s i f i c a t i o n  techniques. Two-way syn thes i s  t a b l e s  ord ina t ing  
s p e c i e s  i n t o  groups were produced through a computer program 
(Ceska & Roemer 1971 ) .  The cover d a t a  recorded i n  the  f i e l d  were 
converted i n t o  t h e  Braun-Blanquet cover-abundance s c a l e  
(Braun-Blanquet 1932). I n  t h i s  program both  r e l evzs  and species  
were c l a s s i f i e d .  RelevPs were arranged according t o  t h e  
s i m i l a r i t y  index of Sorensen (ISS), which is  based on the  
presence o r  absence of p l a n t  species .  Th i s  index is  ca lcu la t ed  
by t h e  formula: Is, = ~ c / ( A + B )  x 100 (Mueller-Dombois & 
Ellenberg  1974). I n  t h i s  formula c is t h e  number of species  
common t o  two re levPs ,  A is the  number of species  i n  relevP A ,  
and B i s  the  number of species  i n  re lev& B. 
The ob jec t ive  of t h i s  technique i s  t h e  production of a f i n a l  
s y n t h e s i s  t a b l e  exh ib i t ing  groups of d i f f e r e n t i a l  o r  d iagnos t ic  
s p e c i e s  f o r  t h e  sample s tands  o r  re levgs .  These d i f f e r e n t i a l  
s p e c i e s  a r e  those which d i f f e r e n t i a t e  t h e  group of r e l e v s s  i n  
which they occur from a l l  o ther  r e l evss .  Thus they d i s t i n g u i s h  
t h e i r  re lev& group a s  a subdivision of t h e  e n t i r e  s e t  of re levgs  
(~ueller-Dombois & Ellenberg 1974). Diagnost ic  spec ies  belonging 
t o  a group must conform t o  Rule I of Ceska and Roemer (1 971 ) , 
which s t a t e s  t h a t  t h e  species  must occur i n  a t  l e a s t  X percent  of 
t h e  r e l e v s s  belonging t o  the  r e l e v e  group and i n  no t  more than Y 
pe rcen t  of the  re levPs  outs ide  this group. Five s e t s  of these  
th resho ld  va lues  ( r e l a t i n g  t o  Rule I)  were used i n  t h i s  program: 
50/l0 , 50/20, %/I 0 ,  and 55/33. O f  t hese  t h e  %/I 0 and 5011 0 
op t ions  a r e  the  more discriminat ing.  Rule I1 was a l s o  appl ied ,  
inc luding a s i t e  i n t o  the  species  group i f  it conta ins  X percent  
of t h e  spec ies  associa ted  with the  group. The X percent  of the  
two r u l e s  must always be the  same ( ~ e s k a  and Roemer 1971). 
Species  of above 56 percent  constancy were not  considered f o r  
d i agnos t i c  ( o r  d i f f e r e n t i a l )  species .  U t i l i z i n g  the  f i v e  options 
( o r  threshold  values)  mentioned above, f i v e  d i f f e r e n t  syn thes i s  
t a b l e s  were produced using the  same data .  
The second technique employed i n  t h e  vegeta t ion  a n a l y s i s  was 
t h e  dendrograph, by which the  c l u s t e r i n g  tendencies of the  sample 
s t a n d s  o r  relevBs were examined. The r e l eves  may be c lus t e red  
us ing  i n d i c e s  of community s i m i l a r i t y  based on the  p l a n t  species  
found i n  t h e  r e l evss .  Again a computer program (~ccammon & 
Wenniger 1970) was u t i l i z e d  t o  produce dendrographs based on 
s i m i l a r i t y  ind ices .  Five s i m i l a r i t y  ind ices  o r  community 
c o e f f i c i e n t s  were used t o  produce f i v e  d i f f e r e n t  dendrographs. 
The fol lowing formulae, along with o t h e r s ,  were summarized and 
expla ined  by Mueller-Dombois and El lenberg  (1974). S i m i l a r i t y  
i n d i c e s  involved i n  t h i s  program included Jaccardt  s index  IS^ = 
c/(a+b+c) x 100) . Gleason' s q u a n t i t a t i v e  modif icat ion of 
Jacca rd t  s index (IZ = Mc/(~a+Mb+Mc) x l o o ) ,  Spatz'  s q u a n t i t a t i v e  
modif ica t ion  of Jaccard '  s index  IS^ = f (Mw:Mg) /(a+b+c) x 
MC/ (Ma+~b+Mc) x 100) Sorensen' s index %ased on presence-absence 
( I S  = PC/(A+B) x l o o ) ,  and Motykaa's q u a n t i t a t i v e  modif icat ion of 
Sorensen's  index (isMo = 2 5  NW/(MA+MB) x 100). The following i s  
an explanation of the symbols i n  the  preceding formulae: I S  = 
index of s i m i l a r i t y ,  a = number of species  found only i n  stand A ,  
b = number of species  found only i n  stand B, c = number of 
spec ies  common t o  stands A and B,  A = t o t a l  number of species  i n  
s tand A ,  B = t o t a l  number of species  i n  stand B, Mg = grea te r  
q u a n t i t a t i v e  value of a species  common t o  s tands  A and B ,  Mw = 
smal ler  quan t i t a t ive  value of a species  common t o  s tands  A and B. 
When M precedes the  above symbols, t h i s  r e f e r s  t o  the  sum of the  
q u a n t i t a t i v e  values of t h e  species.  
The percentage value derived from any of these  s i m i l a r i t y  
i n d i c e s  ind ica t ing  the  s i m i l a r i t y  of communities o r  sample stands 
was converted i n t o  a d is tance  value by the  computer. Using an 
a r c  cos ine  transformation ( i . .  , taking the  cosine of t h e  
s i m i l a r i t y  index value) , the  computer converted high s i m i l a r i t y  
values  i n t o  low distance values and low s i m i l a r i t y  values i n t o  
high d i s t ance  values. I n  t h i s  way, the  sample s tands  were 
arranged i n  a h ie ra rch ica l  manner according t o  the  within-group 
s i m i l a r i t y  of the  c l u s t e r s  of stands. A s  t h i s  program produced 
dendrographs r a t h e r  than dendrograms, the  between-group distance 
was a l s o  a f a c t o r  i n  the production of the  dendrograph. 
RESULTS 
Changes i n  S t ruc tu re  of Parkland Ecosystem 
Using two s e t s  of photographs, taken 11 years a p a r t ,  the 
t r e e  and shrub cover of a por t ion  of t h e  mountain parkland i n  the 
Hawaii Volcanoes National Park was determined. These f indings  
were compared with the  t r e e  and shrub cover of an equal area  
wi th in  Keauhou Ranch d i r e c t l y  adjacent  t o  the  Park. I n  1954, 
j u s t  s i x  years  a f t e r  the cessa t ion of c a t t l e  grazing i n  the  Mauna 
Loa s t r i p ,  the  t r e e  cover within the Park was 4.4$, somewhat 
h igher  than the 2.5% t r e e  cover found i n  t h e  adjacent  ranch. By 
1955 t h e  t r e e  cover within the  Park had increased t o  10.3% and 
t h e  t r e e  cover of the sec t ion  of the  ranch had a l s o  increased t o  
3.2%. 
Ground observations i n  the ranch near the  boundary of the 
Park i n d i c a t e  t h a t  the d i f ferences  between the  t r e e  cover i n  the 
Park and ranch may have been even l a r g e r  i n  1975 than i n  1955. 
The few koa and manane t r e e s  v i s i b l e  i n  this port ion of the  ranch 
appear t o  be q u i t e  decadent. No young t r e e s  have been observed 
i n  t h i s  area.  By con t ras t ,  many young koa suckers and sapl ings  
have been observed from the S t r i p  Road i n  the  mountain parkland 
s e c t i o n  of the  Hawaii Volcanoes National Park. 
The shrub cover within the Park was 17.5% i n  1954 compared 
with 1 . 5 %  f o r  the  ranch. I n  1955 both a reas  had increases  in 
t h e  cover of shrubs over 1954; the  increase i n  shrub cover within 
t h e  Park was g r e a t e r  than t h a t  i n  the  ranch. The Park had 28.2% 
shrub cover i n  1955, 
p r inc ipa l  species  were 
ret iculatum ( ' ohelo) , 
( ' a 1  a l i l  1). 
and the ranch shrub cover was 19.7%. The 
Styphelia tameiameiae (pukiawe) , Vaccinium 
Dodonaea er iocarpa ,  and - D.sandwicensis 
Changes i n  F l o r i s t i c  Composition of Parkland Ecosystem 
The di f ferences  i n  the f l o r i s t i c  composition of the Park and 
ranch por t ions  of the  mountain parkland were considerable. The 
t o t a l  number of species of higher p lan t s  found i n  the  two areas  
was the  same, the  Park and ranch re levss  both showing 21 species. 
Each s e t  of re levgs ,  though, had e igh t  p lan t  species not  present  
i n  its counterpart .  I f  the r e l a t i v e  amounts (cover) of the 
spec ies  i n  Park and ranch a re  considered, the  divergence i n  the 
vegeta t ion of the  two areas  becomes even more apparent. 
Examination of the list of the  major p lant  species i n  the 
grassland re lev8s  of both the Park and the  ranch reveals  some 
obvious di f ferences  i n  the f l o r i s t i c  composition of the two s e t s  
of relevPs ( ~ i g .  2 ) .  The dominant grasses  of the  Park were 
Deschampsia a u s t r a l i s  and Holcus lanatus  (velvetgrass)  . 
Deschampsia and velvetgrass ra re lv  appeared i n  the ranch relevzs: 
- - - -  
Panicum tenuifolium, an endemic grass  which occurred frequently 
i n  Park p lo t s ,  was never observed i n  the  ranch. 
The most prominent grass  species  of the  ranch were 
Sporobolus af r icanus  ( ~ f  r ican dropseed) , Axonopus af  f i n i s  
7 narrow- leaved carpetgrass) , Pennisetum clandestinum. 
( kikuyugrass) , and Anthoxanthum odoratum ( sweet vernal  grass)  . 
Of these ,  carpetgrass  and kikuyugrass never appeared i n  any Park 
re levP although the  l a t t e r  was observed growing by the  roadside 
and along the  boundary fence within the  Park. African dropseed 
was found i n  only two Park relevEs, bu t  sweet vernal  grass  was 
widespread i n  t he  Park. I n  f a c t ,  sweet vernal  grass  was 
p r a c t i c a l l y  ubiquitous i n  both Park and ranch a s  were Paspalum 
dilatatum , ( ~ u s t r a l i a n  watergrass) and Eragros t i s  brownei 
(Brown1 s lovegrass) .  
The occurrence of forb species was l e s s  r e s t r i c t e d  than t h a t  
of the  grasses.  Pteridium aquilinum var. decompositum (bracken 
fe rn)  . Rumex ace tose l l a  ( s h e e ~  s o r r e l )  , and the  ubiquitous 
. , . , 
Hypochaeris r ad ica ta  (hai ry  catsear)  were common t o  the  ranch and 
Park. The na t ive  sedges, Carex wahuensis and 2. macloviana ( s t .  
Malo1s sedge) occurred only i n  Park re levss ,  while Lotus 
angustissimus, Medicago sp. ( t r e f o i l )  and Veronica plebeia 
(common speedwell->-nly observed within the ranch. 
The f l o r i s t i c  composition of the  Park and ranch shrub 
relevPs was a l s o  d i f f e r en t  ( ~ i ~ .  3 ) .  The dominant shrub species 
of both ranch and Park relevzs was the  indigenous pukiawe. 
Another nat ive  shrub, ' a l a l i l i ,  occurred only i n  Park relevss.  
The remaining p l an t  species recorded i n  the  shrub re levzs  were 
much the  same a s  those of the g rass  community relev8s. The same 
di f fe rences  and s i m i l a r i t i e s  i n  f l o r i s t i c  composition of the  Park 
and ranch appeared i n  the  shrub relev8s.  A notable exception was 
t he  f requent  occurrence of the endemic Deschampsia i n  the  ranch 
shrub relev8s.  This g rass  was of ten  found growing up ou t  of the  
cen te r  of pukiawe shrubs, where it was presumably protected from 
grazing,  being out  of the  reach of c a t t l e .  
Origins  of P l an t s  found i n  relev8s.--An examination of the  
list of g r a s s  species found i n  t he  study relevBs  a able 1 ) a s  
well  a s  species  lists of Figures 2 and 3 revea l s  t h a t  most of the  
g r a s s  species  occurring on the  ranch a r e  exotics.  By con t ras t ,  
t h e  two na t ive  grasses occurred primari ly i n  the  Park. Most of 
these  exo t ic  grasses were introduced a s  range grasses  i n  the 
ea r l y  p a r t  of t h i s  century. Cynodon dactylon (~ermuda grass )  was 
t h e  e a r l i e s t  introduction on the  l ist ,  a r r i v ing  i n  1835. Almost 
a l l  cont inents  a r e  represented i n  the  list a s  points  of o r ig in  
f o r  these  grasses.  
The shrub species found i n  the  study a r e  a l l  indigenous o r  
endemic t o  the  Hawaiian Is lands .  Likewise, the  one f e rn  and two 
sedge species  a r e  Hawaiian natives.  V i r t ua l l y  a l l  the  other 
non-grass species  i n  Figures 2 and 3 a r e  exot ics ,  mainly from 
Europe. 
The relevB codes a r e  derived from the  s i t e  number (1 - 8 ) ,  
loca t ion  i n  Park o r  ranch (P o r  R ) ,  and the  relevB number, 
RelevEs numbered 1 and 2 a r e  i n  Park g rass  communities, while 
re levP numbers 4 and 5 a r e  r e p l i c a t e s  i n  ranch grasslands. 
Releves numbered 3 a r e  i n  Park shrub communities and releve's 
i d e n t i f i e d  by the d i g i t  5 a r e  found i n  ranch shrub communities. 
A cons i s ten t  pa t t e rn  emerges from a comparison of the  cover 
values  of exo t ics  and indigenes i n  Park and ranch relevgs a t  the 
same e leva t ion   a able 2 ) .  I n  the  Park relevBs a s  a whole, the  
percentage cover of nat ive  p lan t s  is approximately double t h a t  of 
t he  exo t ic  p l an t  species. This s i t u a t i o n  is reversed f o r  ranch 
re levzs ,  where exot ic  species comprise more than double the 
percentage represented by indigenous o r  endemic species,  
Clustering Tendencies of RelevSs 
C la s s i f i c a t i on  of species and re levgs  by two-way synthes is  
tables.--Of f i v e  synthesis  t ab l e s  produced by computer program 
(Ceska & Roemer 1971), one w i l l  be presented. The program had 
f i v e  opt ions  based on threshold values f o r  species  inclus ion i n to  
t he  species  group. Three of these options (namely those with 
threshold  values of 50/10, 50/20, and 66/10 produced 
indis t inguishable  synthes is  t ab l e s  with a s i ng l e  i den t i c a l  
spec ies  group. 
The numbers within the  synthes is  t ab l e  a r e  those of the 
Braun-Blanquet cover abundance scale .  I n  t h i s  study these  cover 
values  were no t  estimated; cover values from vegetation sampling 
were simply converted t o  the sca le  f o r  use i n  the  program. 
However, the  synthes is  t ab l e  program was ac tua l ly  dealing with 
the  presence o r  absence of a species  r a t he r  than with its 
quan t i t a t ive  value i n  the relev8. 
Examination of the  relev5 codes along the  top of the  
synthes is  t a b l e  re able 4 )  reveals  two groups of d i f f e r e n t i a l  
species;  one species  group is cha rac t e r i s t i c  of the  Park re levss ,  
while the  other  species group contains ranch relevBs exclusively. 
Relev3 codes a r e  the  same a s  presented in  Table 2 ,  R indicat ing a 
ranch relevB and P denoting a Park relev8. 
Species Group 1 is  composed of three  p lan t  species 
( ~ e s c h a m ~ s i a ,  velvetgrass ,  and Carex wahuensis) i n  22 relev8s. 
Every Park re lev8,  with one exception, was assembled i n to  t h i s  
species  group. only one grass  cbmmunity relev= from the  lowest 
s i t e  (4600 f t  e levat ion)  was omitted. This relevP could not  be 
included i n  Species Group 1 ,  a s  it lacked both Deschampsia 
a u s t r a l i s  and Carex wahuensis. Thus the  relevB did not  f u l f i l l  
Rule I1 of t he  program, which requires a re levz  t o  contain a t  
l e a s t  655 ( i n  t h i s  case) of the  diagnostic species.  
Considering the  th ree  species comprising Group 1 ,  
Deschampsia i s  an endemic Hawaiian grass ,  velvetgrass  is a 
species  introduced from Europe, and Carex wahuensis is an endemic 
sedge. Deschampsia did occur i n  a few ranch relevBs i n  
r e l a t i v e l y  small amounts. The relevP numbers reveal  t h a t  f i ve  of 
t he  seven ranch stands containing t h i s  g rass  species  were shrub 
communities. Deschampsia was frequently-observed growing i n  the 
cen te r  of low shrubs where it was apparently out  of the  reach of 
c a t t l e .  By con t ras t ,  t h i s  grass  was absent  from only one Park 
relevB. Velvetgrass,  the  second species of Group I ,  was found i n  
th ree  ranch re levgs  i n  r a t he r  i n s ign i f i c an t  amounts. However, 
t h i s  introduced species was a component of every Park re levs ,  
without exception. Carex wahuensis, the  t h i r d  diagnostic 
spec ies ,  was confined t o  the Park relev8s. 
Species Group 2 is  composed of f i v e  d i f f e r e n t i a l  species 
which were cha r ac t e r i s t i c  of the  ranch. Not one Park re levs  
appeared i n  t he  group, although a l l  but  two ranch relevBs were 
included. The two ranch relevBs t h a t  were omitted from the  group 
were shrub s tands  a t  s i t e s  4 and 6 ( 4 ~ 5  and 5 ~ 6 ) .  The shrub 
r e l e v s  a t  s i t e  5 appeared t o  be qu i te  d i s s imi la r  t o  the others  
included i n  t h i s  species group, lacking a l l  four  of the  grass 
species  of t he  group. The shrub relevB a t  s i t e  4 had more i n  
common with those of the  species group a s  it contained three  of 
the  f i v e  diagnost ic  species of the  group (two grasses  and c a t t l e  
feces ) .  The four  grasses t h a t  appeared i n  t h i s  diagnostic 
spec ies  group a r e  a l l  introduced ones: African dropseed, 
carpetgrass ,  Brown's lovegrass, and kikuyu grass.  Of these four,  
African dropseed i s  considered a weed, while the  others  a r e  
use fu l  t o  some extent  a s  range grasses. Ca t t l e  feces  is the 
f i f t h  component of Species Group 2. 
The remainder of the  synthes is  t ab l e  a l so  y i e ld s  information 
about the  area studied. Hairy ca t sea r ,  sweet vernal  g rass ,  a s  
well a s  l i t t e r ,  were cons i s ten t ly  found i n  a l l  relevas.  Thus 
they were of l i t t l e  value a s  d iagnost ic  species.  Other species 
occurred too ra re ly  t o  contr ibute  t o  species  group formation. I n  
f a c t ,  species  such a s  Juncus t enu i s  and Bromus r i a i dus  ( r i pgu t  
grass)  occurred only once i n  a s ing le  relev8. 
This  synthesis  t ab l e  excluded only th ree  releve's from 
membership i n  one of t he  two species  groups. Two were ranch 
shrub releve's, so only one Park re lev8  was omitted from the  
spec ies  groups. These relevBs were ce r t a i n ly  unlike the  others  
of t h e  two groups, lacking several  of t h e i r  d iagnost ic  species. 
Table 4 presents  Deschampsia and velvetgrass  a s  the  dominant 
p l a n t s  of the  Park port ion of the  ecosystem, while African 
dropseed is seen t o  be the  dominant g rass  of the  ranch p a r t  of 
the  study. 
I n  essence, t h i s  synthes is  t a b l e  has demonstrated the  
f l o r i s t i c  d i spar i ty  of the  two segments of the  mountain parkland 
ecosystem separated .by the  Park-ranch boundary fence. Each of 
the  two a reas  had i ts  own s e t  of d i f f e r e n t i a l  o r  diagnostic 
species;  a l l  but  three  aberrant  re levzs  out of a t o t a l  of 46 
belonged t o  one of the two groups. 
Analysis of vegetat ion by the  dendrograph technique.--The 
dendrograph is a useful  device whereby t h e  re la t ionsh ips  between 
relevBs i n  a c l a s s i f i c a t i on  scheme may be graphically 
i l l u s t r a t e d .  Dendrographs were produced through a computer 
program (~c~ammon & Wenniger 1970) using f i v e  d i f f e r e n t  
s i m i l a r i t y  indices.  Two of these dendrographs w i l l  be presented. 
One dendrograph was based on the  presence o r  absence of species 
i n  relev8s;  the  other u t i l i z e d  the  quan t i t a t i ve  values (cover) of 
species .  
Saccard 's  s im i l a r i t y  coef f i c ien t  f o r  p lan t  communities 
( ~ i g u r e  4 )  involves the  presence o r  absence of species without 
regard f o r  species quant i t ies .  The numbers along the  x-axis a r e  
t he  percentage within-group s i m i l a r i t i e s .  A l i n e  drawn across 
t h i s  dendrograph a t  j u s t  above 50% s i m i l a r i t y  i s o l a t e s  four 
c l u s t e r s  of relev?%. The l i n e  was es tabl ished a t  60% because the 
c l u s t e r s  occurring near the  mid-range of s i m i l a r i t i e s  a r e  more 
l i k e l y  t o  be ecologically meaningful ( ~ u e l l e r - ~ o m b o i s  & Ellenberg 
1974). Of the  four c l u s t e r s ,  two a r e  composed e n t i r e l y  of Park 
relev&, and two contain only ranch relev8s.  Examination of the  
releve' numbers along the  x-axis reveals  t h a t  Group A is composed 
of 14 Park re levss ,  including a l l  seven shrub plots .  The grass 
re levgs  i n  t h i s  group a r e  those of the  upper s i t e s .  Group B 
l ikewise  cons i s t s  of Park re levzs ,  although the  nine p lo t s  
c o n s i t i t u t i n g  t h i s  group a r e  a l l  g rass  community re levss .  With 
one exception, the Group B relevBs belong t o  the  lower four 
s i t e s .  Groups C and D a r e  composed so l e ly  of ranch re levss ,  but  
t he r e  i s  no d i s t i nc t i on  between grass  and shrub community stands 
within the  two groups. Group C has seven re levas  from s i t e s  3 ,  
4, 5 ,  and 5 ,  the  mid-elevational s i t e s .  Group D is  la rger ,  
including 16 relevgs representing every s i t e  except s i t e  6. 
These four  c l u s t e r s  have within-group s i m i l a r i t i e s  a s  follows: 
Group A ,  64%; Group B,  61%; Group C, 64%; Group D ,  63%. The 
dendrograph method using Jaccard' s index of s im i l a r i t y  (based on 
presence-absence) read i ly  separates  the  Park and ranch re levzs  
and dis t inguishes  between upper and lower s i t e s  within the  Park. 
However, grass  and shrub community relevBs appear i n  the  same 
c lu s t e r s .  
I n  the  dendrograph based on Jaccard 's  index there  is 
absolute ly  no intermingling of ranch and Park relev8s; they a r e  
separated i n t o  two c l u s t e r s  between the 40 and 50% s imi l a r i t y  
l eve l s .  Other information of poss ible  ecological  i n t e r e s t  t o  be 
gleaned from t h i s  dendrograph includes the grouping of Park shrub 
r e l evs s  i n  t he  same c lu s t e r  a s  Park grass  relevPs of the  upper 
four  s i t e s ,  a s  well a s  the  separation i n to  two c lu s t e r s  of the 
Park grass  relevE's of upper and lower s i t e s .  These two s e t s  of 
Park s i t e s  have apparently been separated on the  bas i s  of only a 
few p lan t  species ,  a s  no d r a s t i c  d i f ferences  may be discerned 
from Figure 2 which presents species cover of grassland relev8s. 
A s  t h i s  dendrograph is based on presenceabsence r a the r  than 
quan t i ty ,  species  of low cover values were instrumental i n  
e f fec t ing  t h i s  separation of g rass  relev8s. 
The grassland re levss  of the  four  lower s i t e s  i n  the  Park 
did  include several  species no t  present  i n  those of the  four  
upper Park s i t e s .  I n  pa r t i cu l a r ,  Austral ian watergrass and sheep 
s o r r e l  occurred i n  a l l  but  one of these re levzs  but  were not  
found i n  grassland relevPs of the  Park 's  upper s i t e s .  I t  must be 
noted t h a t  sheep so r r e l  was observed i n  the upper reaches of the 
ecosystem bu t  was never encountered i n  the  Park re levzs  a t  these 
higher s i t e s .  Other species whose d i s t r i bu t i on  was l imited t o  
the  lower s i t e s  were of more sporadic occurrence and included 
African dropseed, narrow-leaved planta in  (plantago lanceolata)  , 
willow herb ( ~ ~ i l o b i u m  cinereum), and a ' a l i ' i .  Again, it must be 
emphasized t h a t  these species may occur i n  the  upper port ion of 
the  parkland; nevertheless,  t h e i r  presence was not  recorded i n  
t he  upper four  Park sampling s i t e s .  Another species which may 
have a f fec ted  the  c lus te r ing  pa t t e rn  was bracken fe rn ,  which 
although no t  confined t o  lower e levat ions ,  was 
prevalent  there .  This dendrograph demonstrates 
grazing pressure of c a t t l e  has resu l t ed  i n  the 
a l t i t u d i n a l  va r ia t ion  i n  ranch grasslands of 
ecosystem. 
c e r t a i n ly  more 
t h a t  se lec t ive  
suppression of 
the  parkland 
A s  cover data  were col lec ted during the f i e l d  work, a 
dendrograph employing a s im i l a r i t y  index based on quan t i t a t ive  
values  would u t i l i z e  more of the avai lable  information about the 
study area.  Therefore, t he  dendrograph based on Motyka's 
quan t i f i ca t ion  of Sorensenls index of s im i l a r i t y  is  presented 
( ~ i g .  5 ) .  Two l i n e s  have been drawn on t h i s  dendrograph a t  60% 
and 51% within-group s im i l a r i t y ,  again i n  the  mid-range of 
s i m i l a r i t i e s .  Line 1 a t 5 1 %  s imi l a r i t y  i s o l a t e s  three  c l u s t e r s  
of re levss .  Cluster  A i s  composed of 13 grass  community re levzs  
from the  Park port ion of the  study area.  The within-group 
s i m i l a r i t y  of t h i s  c l u s t e r  is 51% The re levP numbers of Cluster  B 
r evea l  t h a t  a l l  13 members of t h i s  group a r e  from shrub 
communities. Both Park and ranch re leves  a r e  included i n  t h i s  
c l u s t e r ,  whose within-group s im i l a r i t y  is 67%. Cluster  C is the 
l a r g e s t  of t he  three groups, containing 20 relev&, 17 from the  
ranch a rea  and three from the  Park. A l l  but  one of these  20 a r e  
g rass  community relev8s. The within-group s im i l a r i t y  of t h i s  
c l u s t e r  is 59%. 
A second l i n e  is  drawn across  the  dendrograph a t  60% 
s imi l a r i t y .  Line 2 i s o l a t e s  four c l u s t e r s  of stands,  two of 
which a r e  i den t i c a l  t o  Clus ters  A and B i so la ted  by l i n e  1. 
However, Clus ter  C of l i n e  1 becomes Clus te r s  c and d of l i n e  2. 
C lus te r  c contains three  grass  community relevBs of the  Park, and 
Clus te r  d i s  composed of 15 grass  community relev& and one shrub 
r e l e v 5  from the  ranch half of the  study. The within-group 
s i m i l a r i t i e s  of Clusters c and d a r e  75.% and 66% respectively.  
I t  is in t e r e s t i ng  t o  note t h a t  t h i s  dendrograph technique 
completely separates  the  Park and ranch g rass  community relevss.  
The shrub community re levzs  a r e  grouped together  regardless  of 
t h e i r  o r ig in .  This is probably due t o  the  f a c t  t h a t  the  dominant 
shrub spec ies  of these relevgs were the  
g r a s s  component of the shrub re levzs  
g r e a t l y  a f f e c t  the c lu s t e r  formation. 
spec ies  a ' a l i '  i occurred i n  a couple 
absent  from the  ranch did not  a l t e r  
r e levcs  . 
same i n  both areas.  The 
was no t  large enough t o  
The f a c t  t h a t  the  shrub 
of Park relevzs but  was 
t he  c lus te r ing  of shrub 
I t  may a l s o  be assumed from t h i s  dendrograph t h a t  shrub 
releve's have more i n  common with Park g r a s s  relevEs than with 
those of t h e  ranch, according t o  t he  proximity of the  two 
c l u s t e r s  on the  x-axis. The ecological  reasoning behind the  
i s o l a t e d  c l u s t e r  of three  Park g rass  re levgs ,  which is  nearer  the 
major ranch c lu s t e r  than the  c l u s t e r  of remaining Park grass  
re levgs ,  is somewhat obscure. Also d i f f i c u l t  t o  explain is  the  
inc lus ion  of one ranch shrub relevB i n  the  c lu s t e r  which is 
otherwise populated by ranch grass  re levzs .  One possible reason 
f o r  t h i s  placement is  the low percentage cover of pukiawe, the 
dominant shrub i n  t h i s  aberrant  relevg. 
Referr ing t o  the dendrograph of Figure 5, higher l eve l s  of 
within-group s im i l a r i t y  y ie ld  somewhat l e s s  information. A l i n e  
a t  70% s i m i l a r i t y  would i s o l a t e  nine c l u s t e r s  of relev8s. Five 
of t he se  c l u s t e r s  a r e  comprised of Park g r a s s  community relevgs,  
and two c l u s t e r s  include a l l  the  ranch g r a s s  community relevgs. 
The remaining two c lu s t e r s  a r e  composed of shrub relev8s. With 
t he  exception of the c lu s t e r s  of shrub re levss ,  there  seems t o  be 
l i t t l e  ecological  s ignificance t o  the c l u s t e r s  a t  70% s imi la r i ty .  
Even l e s s  importance may be at tached t o  the  c l u s t e r s  which appear 
a t  30% within-group s imi la r i ty .  A t  t h i s  l e v e l  20 groups e x i s t ,  
11 of which contain only one relevP. 
The diagram of Figure 5 f u r t h e r  i l l u s t r a t e s  the  p o s i t i o n  of 
t h e  l i n e  2 dendrograph c l u s t e r s  along t h e  e l eva t iona l  gradient .  
The Park s i t e s  appear on the  r i g h t  and t h e  ranch s i t e s  a r e  on the  
l e f t  po r t ion  of t h e  diagram, i n d i c a t i n g  low v a r i a t i o n  i n  r e l evzs  
along t h e  e l eva t iona l  gradient .  According t o  t h i s  dendrograph, 
t h e  relevEs of the  mountain parkland g r a s s  communities a r e  
grouped toge the r  on t h e  b a s i s  of t h e i r  l oca t ion  i n  e i t h e r  t h e  
Park  o r  ranch. 
The second dendrograph ( ~ i g .  5 ) ,  based on Motykaf s 
q u a n t i t a t i v e  r ev i s ion  of Sorensenfs  s i n i l a r i t y  index, d i f f e r s  
somewhat from the  one based on presence-absence data.  The Park 
and ranch relevBs a r e  n o t  s o  completely separated.  A s  i n  the  
previous  dendrograph, t h e  f i r s t  s epa ra t ion  of c l u s t e r s  appears 
nea r  t h e  40% s i m i l a r i t y  l eve l .  Unlike t h e  Jaccard  dendrograph, 
some rep resen ta t ives  of both s tudy a r e a s  a r e  included i n  t h e  two 
major c l u s t e r s .  
The two dendrographs presented a l s o  d i f f e r  with r e spec t  t o  
a l t i t u d i n a l  v a r i a t i o n  among relevPs.  The dendrograph according 
t o  S o r e n s e n t s  q u a n t i t a t i v e  index does n o t  e x h i b i t  c l u s t e r i n g  of 
r e l e v c s  on t h e  b a s i s  of t h e i r  p o s i t i o n  on t h e  a l t i t u d i n a l  
g r a d i e n t ,  a s  does the  dendrograph based on t h e  presence-absence 
index of Jaccard.  
Other dendrographs examined inc lude  those  produced using the  
i n d i c e s  of Spatz  and Gleason. Both of these  ind ices  a r e  
q u a n t i t a t i v e  modif icat ions of J a c c a r d f s  index of community 
s i m i l a r i t y .  The dendrograph based on Gleasonts  index was of 
l i t t l e  use ,  a s  the  only two l e v e l s  of within-group s i m i l a r i t y  
appearing along the  y-axis were 80 and 90%. This  i n d i c a t e s  a  
very high degree of r e l e v 5  homogeneity, which was no t  borne out  
by t h e  o t h e r  dendrographs. Such homogeneous c l u s t e r s  a r e  no t  
conducive t o  ecologica l  i n t e r p r e t a t i o n .  
The dendrograph based on t h e  Spatz  index of s i m i l a r i t y  
e x h i b i t s  c l u s t e r i n g  tendencies q u i t e  d i f f e r e n t  from those of the  
Gleason index dendrograph. The l e v e l s  of within-group s i n i l a r i t y  
f a l l i n g  i n  t h e  mid-range i s o l a t e  many groups composed of only one 
o r  two re l evss .  This  s i t u a t i o n  c r e a t e s  d i f f i c u l t i e s  i n  analyzing 
t h e  s ign i f i cance  of the  c l u s t e r s .  Three r e l e v s s  were loca ted  a t  
each Park o r  ranch s i t e ,  thus  t h i s  method tends t o  sepa ra te  
r e p l i c a t e  s t ands  i n t o  d i f f e r e n t  c l u s t e r s .  The th ree  dendrographs 
which a r e  n o t  presented here may be found i n  Appendix 11. 
I n  summary, both of t h e  dendrographs presented here  have 
f o u r  main c l u s t e r s  of r e l e v s s  a t  t h e  508 l e v e l .  The dendrograph 
based on J a c c a r d f s  presence-absence index completely sepa ra te s  
Park  and ranch relevEs, a s  Park s t ands  comprise two c l u s t e r s  and 
those  of t h e  ranch make up the  remaining two major c l u s t e r s .  
Another accomplishment of t h i s  dendrograph is the  c l u s t e r i n g  of 
lower e l e v a t i o n a l  Park g r a s s  communities a p a r t  from t h e  upper 
Park g r a s s  communities with t h e  i n c l u s i o n  of Park shrub re levgs  
i n  t h e  l a t t e r  group. The dendrograph r e s u l t i n g  from t h e  use of 
Motyka's quan t i f i ca t ion  of Sorensen's index a f f e c t s  a l e s s  than 
t o t a l  separa t ion of Park and ranch vegetat ion,  a s  shrub relevBs 
of both  Park and ranch a r e  grouped together  i n  one c lus te r .  The 
t h r ee  remaining major c l u s t e r s  of t h i s  dendrograph a r e  composed 
of most Park grassland relevgs,  th ree  aberrant  Park grassland 
s tands ,  and a l l  ranch grass  community relevBs plus  one ranch 
shrub stand. The two dendrographs presented have one thing i n  
common; both segregate park and ranch relevBs t o  some degree, 
al though t h e  degree of separation var ies .  
A Comparison of Ranch and Park S o i l s  
The s o i l s  of the  mountain parkland ecosystem a r e  andept 
I ncep t i so l s ,  which a r e  s o i l s  of recent  o r ig in  having horizons. 
Andept implies the  presence of volcanic ash o r  pumice i n  the 
s o i l .  Parkland s o i l s  were formed from shallow ash deposi ts  over 
both aa  and pahoehoe flows. The two most prevalent  s o i l  s e r i e s  
of parkland s o i l s  a r e  Hanipoe and Apakuie, which a r e  qui te  
s imi la r .  Both s e r i e s  a r e  well-drained s o i l s  formed i n  volcanic 
ash of upland areas ,  but  the  two s o i l  s e r i e s  d i f f e r  somewhat i n  
t ex tu r e  and ac id i ty .  Apakuie s o i l s  a r e  sandy loams with a 
neu t r a l  pH, while Hanipoe s o i l s  a r e  s i l t  loans o r  loams which a r e  
s l i g h t l y  ac id ic .  The two types of Hanipoe s o i l s  occurring i n  the 
study a rea  d i f f e r  i n  t h e i r  s toniness  and depth, HCD s o i l s  being 
shallower and containing more loose surface  stones than the  s o i l s  
designated HDD i n  the s o i l  survey of Sato e t  a l .  (1973). 
According t o  s o i l  maps of the most recent  s o i l  survey ( s a t0  
e t  a l .  1973),  the  study p lo t s  were a l l  located on s o i l  types of 
one of t he  two s e r i e s  described above. The s o i l  types of the 
pai red s i t e s  were very s imi lar   a able 5 ) .  A s  the  paired s i t e s  of 
Park and ranch were r e l a t i ve ly  c lose  together ,  one would expect 
the  cl imate t o  be equivalent i n  the  two areas.  The previously 
presented vegetat ion analyses a r e  evidence t h a t  the  present  p lant  
cover of t he  Park and ranch study a reas  d i f f e r s  great ly .  
However, these  changes i n  vegetation a r e  thought t o  be r e l a t i ve ly  
recent .  The following r e s u l t s  of examination of physical and 
chemical proper t ies  of s o i l s  w i l l  i nd ica te  the  magnitude of the 
s i m i l a r i t i e s  and differences of the  s o i l s  of the Park and ranch 
r e  l evzs  . 
Physical  proper t ies  of soils.--Soil p i t s  dug i n  one grass  
re lev5  a t  every s i t e  revealed the  horizon development of the 
s o i l .  A t  a l l  e i gh t  Park s i t e s  two horizons appeared. The upper 
o r  A horizon was generally darker brown i n  color  than the  B 
horizon, and the  two were t yp i ca l l y  separated by a band of 
reddish  hue. A t  half  the  ranch s i t e s  only one horizon could be 
dis t inguished,  while the  other four  s i t e s  showed horizons much 
l i k e  those of t he  Park s o i l  p i t s .  The s o i l  samples from the 
ranch s i t e s  showing only one horizon were considered t o  be from 
the  A horizon. Data concerning horizons col lec ted from the  s o i l  
p i t s  may be found i n  Appendix 111. 
S o i l  depth.--Fifty s o i l  depth measurements were taken i n  
grass land s i t e s  i n  the  Park and ranch. The mean s o i l  depths of 
Park s i t e s  and ranch s i t e s  a r e  presented i n  Figure 6. A t  a l l  
bu t  two e l e v a t i o n s  the  Park s o i l  depth was considerably g r e a t e r  
than t h a t  of t h e  ranch. The r e s u l t s  of a t - t e s t  revealed a 
s i g n i f i c a n t  d i f f e rence  i n  t h e  ranch and Park s o i l  depths a t  t he  
99% confidence i n t e r v a l .  
S o i l  depth a l s o  changed wi th  e l eva t ion  (Fig. 6 ) ,  and a 
d e f i n i t e  t r e n d  of decreasing depth with increas ing  e l eva t ion  was 
observed. The p a t t e r n  f o r  ranch depths was l e s s  r egu la r  with 
peaks of mean s o i l  depths a t  t h e  lowest and middle e levat ions .  
F luc tua t ion  i n  mean s o i l  depth a t  d i f f e r e n t  sites wi th in  the  
mountain parkland is understandable a s  t h e  s o i l  parent  ma te r i a l  
c o n s i s t s  of ash  depos i t s  of va r i ab le  thickness.  
b y s o i l - - R e s u l t s  from 
c a l c u l a t i o n  of bulk dens i ty  (weight per  u n i t  volume of dry s o i l )  
were somewhat surpr is ing .  A s  compaction of s o i l  leads  t o  higher  
bulk d e n s i t y ,  it was presumed t h a t  ranch s o i l s  compacted by t h e  
hooves of c a t t l e  would have higher  bulk dens i ty  va lues  than 
corresponding Park s o i l s .  This ,  however, was not  the  case ( ~ i g .  
7 ).  With one exception, bulk d e n s i t i e s  of Park s o i l s  were 
h igher  than those of the  ranch s o i l s .  A l l  of these  bulk dens i ty  
va lues  were remarkably low, ind ica t ing  t h a t  t h e  mountain parkland 
s o i l s  a r e  porous and loose. However, no s t a t i s t i c a l  t e s t  was 
c a r r i e d  ou t  t o  determine the  s ign i f i cance  of t h i s  d i f f e rence  i n  
Park and ranch s o i l  bulk d e n s i t i e s ,  because r e p l i c a t e  cores  were 
n o t  taken during f i e l d  sampling. A s  fewer than four  cores  per  
s i t e  may r e s u l t  i n  un re l i ab le  bulk dens i ty  values,  t he  d i s p a r i t y  
i n  bulk d e n s i t i e s  may no t  be s i g n i f i c a n t .  
S o i l  t e x t u r e ,  t h e  r e l a t i v e  s i z e  of s o i l  p a r t i c l e s ,  is 
r e l a t e d  t o  bulk densi ty.  Generally, coarse-textured s o i l s  have 
h igher  bulk dens i ty  va lues  than f ine- textured  s o i l s .  The 
t e x t u r a l  c l a s s e s  of these  mountain parkland s o i l s  i n d i c a t e  t h e i r  
r e l a t i v e  coarseness  a able 5 ) .  This  coarseness i n  t e x t u r e  does 
n o t  c o r r e l a t e  with the  low bulk d e n s i t i e s  of parkland s o i l s .  The 
f i g u r e s  f o r  percentage c l a y   a able 5 )  a l s o  ran counter  t o  the  
bulk d e n s i t y  r e s u l t s .  A s  Park s o i l s  had higher  bulk dens i ty  
va lues ,  one might expect a smal ler  percentage c l ay  i n  these  
s o i l s ,  compared with those of t h e  ranch. However, j u s t  t he  
opposi te  r e l a t i o n s h i p  was exhib i ted  by t h e  r e s u l t s  of t h i s  
t e x t u r a l  ana lys i s .  
Another parameter c lose ly  r e l a t e d  t o  bulk dens i ty  is  
poros i ty  o r  percentage t o t a l  pore space. P o r o s i t i e s  of Park and 
ranch s o i l s  were ca lcula ted  using values of bulk densi ty.  Values 
of t h e  ca lcu la t ed  poros i ty  f o r  Park and ranch s o i l s  were q u i t e  
s i m i l a r  and showed a high percentage of pore space  a able 7 ) .  
S o i l  moisture r e t e n t i o n  properties.--Two s o i l  moisture 
cons tan t s  were determined f o r  each s o i l  sample: f i e l d  capaci ty  
and permanent w i l t i n g  percentage. These two values  a r e  
c h a r a c t e r i s t i c  of the s o i l  saapled, r e l a t i n g  t o  s o i l  texture  and 
s t r uc tu r e .  F ie ld  capacity is  defined a s  the  amount ( i n  t h i s  
case ,  weight) of water held i n  the s o i l  a f t e r  g rav i ta t iona l  water 
has drained away and the r a t e  of downward movement of water has 
become very slow. The permanent wi l t ing  percentage is the  amount 
of water  i n  s o i l  when permanent p l an t  wi l t ing  occurs. Both 
values  have ecologic importance: i n  general ,  the  f i e l d  capacity 
is t h e  upper l i m i t  of water a v a i l a b i l i t y  o r  s torage,  and the 
permanent wi l t ing  percentage is t h e  lower limit of avai lable  
water f o r  p lants .  
The f i e l d  capacity of s o i l  from each horizon of every s i t e  
w a s  approximated using the laboratory technique described 
e a r l i e r .  The water content values presented i n  the  following 
f i g u r e s  a r e  the  means of th ree  subsamples of every s o i l  sample, 
With t h e  exception of one s i t e ,  the  percentage moisture i n  A 
horizon s o i l s  a t  f i e l d  capacity ranch s o i l s  held more water than 
Park s o i l s  ( ~ i g .  8) .  A t - t e s t  indicated t h a t  t h i s  difference 
was s i g n i f i c a n t  a t  the 0.01 level .  The moisture content  of B 
horizon s o i l  of the  ranch re lev3 a t  5800 f e e t  e levat ion ( s i t e  7 )  
seems extreme i n  r e l a t i on  t o  a l l  o the r  values,  although it 
corresponds t o  the  moisture re ten t ion  a t  0.3 atmosphere reported 
f o r  Apakuie s o i l s  by Sato e t  a l .  (1973). The percentage moisture 
values  f o r  B horizon s o i l s  a t  f i e l d  capaci ty  f o r  the  ranch s o i l s  
were considerably higher than those of the  Park s o i l s  (Fig. 9 ) .  
Again a s t a t i s t i c a l  t e s t  supported t he  hypothesis t h a t  the 
d i f fe rences  between Park and ranch s o i l s  were s i gn i f i c an t  a t  the 
0.31 l eve l .  
The second s o i l  moisture constant ,  permanent wi l t ing  
percentage, was approximated using the  same laboratory technique 
a s  was used t o  determine s o i l  f i e l d  capacity. The permanent 
w i l t i ng  percentage (water content a t  permanent wi l t ing)  of A 
horizon s o i l s  of both Park and ranch is shown i n  Figure 10. A 
comparison of t h i s  f igure  with Figure 8 revea l s  t h a t  t rends  i n  
water content  a t  permanent wi l t ing  followed those of water 
content  a t  f i e l d  capacity. A s  with f i e l d  capaci ty ,  water content 
a t  pemanent  wi l t ing  was g rea te r  f o r  ranch s o i l s  than Park so i l s .  
A t  only two s i t e s  was the percentage moisture value l a rge r  f o r  
Park s o i l s .  This  difference was s i g n i f i c a n t  a t  the  0.01 l eve l  
according t o  a t - t e s t .  Again the water content  of A horizon s o i l  
of t h e  ranch releve a t  5800 f e e t  e levat ion seems 
dispropor t ionate ly  large  and may be due t o  some error .  A s  with 
the  A horizon s o i l s ,  the  permanent wi l t ing  percentages of the  B 
horizon was g r ea t e r  f o r  ranch relevB s o i l s  than f o r  those of Park 
p l o t s  (Fig.  11).  This difference was s i gn i f i c an t  a t  the 0.05 
l e v e l ,  as determined by a s t a t i s t i c a l  t - t e s t .  It may be noted 
t h a t  t h e  water holding capacity ( o r  amount of water i n  the  s o i l  
between f i e l d  capacity and permanent w i l t i ng  point)  was about the  
same i n  ranch and park so i l s .  So desp i te  the  higher percentage 
water  re ta ined  by ranch s o i l s  under pressure approximations of 
t he  two s o i l  constants,  the  water ava i l ab le  f o r  p lan t  use 
appeared t o  be equivalent i n  the two areas.  
Chemical proper t ies  of soils.--Chemical proper t ies  of s o i l s  
invest igated included pH, nu t r i en t  content ,  and percentage 
o r g a n i c  carbon. A s  the  brganic carbon resul ts -seem to-have some 
bearing on the  f indings presented i n  the  sect ion on physical 
p roper t i es ,  they w i l l  be considered f i r s t .  
Organic carbon.--These values were determined by the 
Walkley-Black method a s  discussed under Methods. A t  every s i t e  
except one, the  percentage organic carbon was considerably higher 
i n  t h e  A horizon of ranch s o i l  than the  corresponding Park s o i l  
(Fig.12). This d i f ference was s i gn i f i c an t  a t  the  0.01 
s ign i f i cance  l eve l  by a two sample t - t e s t .  I n  the ranch s o i l s  
the re  seemed t o  be a trend toward higher percentage organic 
carbon with increasing elevation.  This is  reasonable, a s  the  
breakdown and decomposition of organic mater ia l  is  slower a t  
lower temperatures. However, no s imi la r  trend was exhibited by 
the  values f o r  the Park. The organic carbon values f o r  Park 
s o i l s  were extremely var iable ,  ranging from a low of 0.71% t o  a 
high of 8.55%. This v a r i a b i l i t y  is d i f f i c u l t  t o  explain, s ince 
a l l  Park s o i l  samples were taken from grass  communities of the  
same bas ic  p lan t  species composition. P ig  digging i n  the  Park 
may have been par t ly  responsible f o r  these  inconsis tent  r e s u l t s ,  
a s  such a c t i v i t y  would bring about the mixing of horizons and the 
upturning of deep s o i l  containing l e s s  organic matter. 
The r e s u l t s  of organic carbon determinations f o r  B horizon 
s o i l s  ( ~ i g .  13) show tha t  values f o r  ranch s o i l s  were much higher 
than those of Park so i l s .  A t  only one s i t e  was the percentage 
organic carbon of the ranch s o i l  lower than t h a t  of the  Park 
s o i l .  Again t h i s  difference i n  Park and ranch s o i l s  was 
s i gn i f i c an t  a t  the 0.01 s ignif icance l eve l  according t o  a two 
sample t - t e s t .  A s  with the A horizon s o i l s ,  percentage organic 
carbon varied great ly  with the  s i t e  sample. Because of the  s i t e  
va r i a t i on  displayed by the  graphs of Figures 12 and 13,  a 
comparison of organic carbon values f o r  A and B horizons was 
d i f f i c u l t .  The organic carbon means f o r  A and B horizons of a l l  
Park s o i l s  were qui te  s imi la r ,  being 3.29% and 3.47% 
respect ively .  This g rea te r  value f o r  B horizon s o i l s  was 
unexpected, a s  deeper s o i l s  typ ica l ly  have l e s s  organic matter 
than the  s o i l s  above them. Means of organic carbon values of A 
and B horizons of ranch s o i l s  were 8.77% and 6.81% respectively.  
S t a t i s t i c a l l y  the  di f ferences  i n  organic carbon of A and B 
horizon s o i l s  were not s i gn i f i c an t  f o r  e i t h e r  Park o r  ranch 
s i t e s .  
pH.--The s o i l s  of the  mountain parkland ecosystem were 
moderze ly  t o  s l i gh t l y  acidic.  pH values ranged from 5.5 t o  6.6. 
A t  s i x  of t he  e igh t  s i t e s  the  pH values f o r  A horizon s o i l s  of 
ranch s o i l s  were more ac id ic ,  a s  indicated by lower pH values 
(Fig. 14). This difference was s t a t i s t i c a l l y  s i gn i f i c an t  a t  the  
0.05 level .  A comparison of the  pH values f o r  B horizon s o i l s  of 
Park and ranch graphs reveals  lower pH values f o r  ranch s o i l s  
( ~ i g .  1 5) . Again t h i s  d i f ference was s i gn i f i c an t  a t  the  0 .O5 
l eve l  according t o  a two sample t - t e s t .  pH values were s l i g h t l y  
higher in B horizon soils as compared to A horizon soils (~ig. 
1 4,15) , but this difference was not statistically significant. 
There was no definite correlation between pH and elevation. 
Nutrient analyses.--Park and ranch soils were analyzed for 
extractable amounts of four nutrients: calcium, potassium, 
phosphorus, and magnesium. All four are macro-nutrients 
essential in relatively large amounts for plant growth. The 
amount of each nutrient extracted from the soil sample in pounds 
per acre has been converted into fertility levels (~ig. 16,17) .  
There seemed to be little variation in the amount of the level of 
fertility of all four nutrients present in the A horizon soils of 
Park and ranch soils ( ~ i ~ .  16). There was also very little 
change in the fertility level of any of the four nutrients with 
elevation. The amount of phosphorus and magnesium was found to 
be very low at every site in Park and ranch. This is not 
surprising, as phosphorus is generally not found in large amounts 
in soils. Calcium seemed to be plentiful in all but one plot. 
Likewise, potassium was present at moderate to high levels at all 
but two sites. These results indicated that fertilizer has not 
been applied to the pasture soils in the recent past, as ranch 
and Park soils were so similar in their content of the four 
nutrients. Therefore with regard to nutrient availability (as 
was true for soil water), plant growth should be similar in Park 
and ranch relevds. 
Fertility levels of these four nutrients in B horizon soils 
are shown in Figure 17. Again phosphorus and magnesium were 
present at a very low level in all Park and ranch soils sampled. 
A comparison of this figure with Figure 16 reveals that levels of 
calcium and potassium were generally lower in B horizon soils 
than in the A horizon soils of the same plot. There was little 
difference in the nutrient levels of B horizon soils of Park and 
ranch relevss. Fertility levels were not radically different at 
the eight elevations, although the soils of the two upper Park 
relevBs did have a lower level of calcium than those of the other 
Park relevss. As with A horizon soils, there was no definite 
correlation between level of nutrient present and elevation. The 
actual amount of each nutrient extracted from the soils in pounds 
per acre determined by turbidometric and colorimetric techniques 
is listed in Appendix 111. 
Correlation of Vegetation and Soil 
The results of both forms of vegetation analysis revealed 
great disparity in the vegetation of the Park and ranch relev8s. 
The results of soil tests and field examination also showed some 
differences in the two areas, although these dissimilarities were 
less pronounced. There appeared to be little direct correlation 
between the two sets of results, but one fact was clear: the 
soils of the two areas differed less than the vegetation. 
St ruc tu r a l  d i f ferences  between Park and ranch were a matter 
of degree, with the  Park showing a g r ea t e r  percentage cover of 
both t r e e s  and shrubs. The vegetation of the  two study a reas  was 
f l o r i s t i c a l l y  qu i te  d i s t i nc t i ve ,  with exot ics  predominating i n  
the  ranch and endemic grass  species prevalent  i n  Park relevEs. 
The quan t i t a t ive  values of the  species common t o  both a reas  were 
a l s o  d i s s imi la r .  These di f ferences  were apparent i n  the r e s u l t s  
of t h e  c lus te r ing  techniques presented i n  an e a r l i e r  section.  
The synthes is  t ab l e  presented indicated t h a t  each of the  two 
a reas  had a d iagnost ic  species group pecul iar  t o  it: the  
Descham~sia-Holcus-Carex R ~ O U D  i n  the  Park and the  
- 
Sporobolus-Axonopus-Eragrostis-Pennisetu-cattle feces  group i n  
the  ranch. Likewise, the  dendrographs presented i n  a previous 
sec t ion  exh ib i t  c lus te r ing  of relevBs on the ba s i s  of t h e i r  
locat ion i n  e i t h e r  the  Park o r  ranch. Using these techniques, 
the  differences i n  the  vegetation of the  two areas  studied have 
been es tabl ished.  
Resul ts  of f i e l d  and laboratory examination of the  s o i l s  of 
the  two study a reas  revealed both s i m i l a r i t i e s  and differences.  
The s o i l s  were super f ic ia l ly  s imi la r  and d i f fe red  l i t t l e  with 
regard t o  s o i l  type,  t ex tu r a l  c l a s s i f i c a t i on ,  s o i l  color ,  and 
horizon development. This was t o  be expected a s  the  s o i l s  of 
both Park and ranch were derived from the same parent  material .  
D i s s imi l a r i t i e s  appeared i n  both the  physical and chemical 
p roper t i es  of the  so i l s .  The s o i l s  of the  Park relevBs were 
deeper than those of the  ranch, but  t h i s  va r ia t ion  i n  s o i l  depth 
cannot be d i r e c t l y  corre la ted t o  any adverse e f f e c t  of c a t t l e  
grazing. No ser ious  erosion was observed i n  ranch pastures 
during t h i s  study. The most l i ke ly  explanation f o r  t h i s  
d i s p a r i t y  i s  t h a t  the var iable  s o i l  depths a r e  a function of the  
s o i l  parent  mater ia l ,  derived from discontinuous ash deposits.  
S o i l  depths were not  measured i n  the  shrub re levss ,  bu t  one 
observation may be mentioned concerning these communities. 
During fieldwork it was noted that areas  with the highest  shrub 
cover were frequently rough with rock outcroppings. I n  f a c t ,  
these  communities of ten  occurred on rocky ridges,  a  phenomenon 
previously reported by Mueller-Dombois (1 967) . A s  the  se lec t ion  
c r i t e r i a  f o r  shrub relevgs included r e l a t i v e  levelness,  placement 
of shrub relevgs was more d i f f i c u l t  than t h a t  of t h e i r  grassland 
counterparts .  The percentage of area covered by rocks i n  the 
ranch shrub re levzs  was found t o  be over 4% on the  average. This 
was more than double the  mean percentage cover of rock i n  the  
shrub relevgs of the  Park o r  i n  e i t h e r  s e t  of grassland relevgs. 
The s o i l s  of the  ranch shrub communities were thus the  most rocky 
of any s o i l s  invest igated i n  study. 
A s  reported i n  the previous section,  the  percentage moisture 
a t  f i e l d  capacity and permanent wi l t ing  point  were both 
considerably higher i n  the  s o i l s  of the  ranch re levss  than i n  
those of the  Park relevFs, despi te  t he  f a c t  t h a t  t he  s o i l  
t ex tu r e s  were s imi la r  i n  the two areas.  A s  s o i l  moisture 
constants  a r e  cha r ac t e r i s t i c  of the s o i l  s tudied,  these  r e s u l t s  
emphasize t he  aspect  of d i s s im i l a r i t y  of the  s o i l s  of the two 
study segments. I t  is known t h a t  the  presence of organic matter 
inc reases  the  water-holding capacity of a s o i l  and a l s o  decreases 
t he  bulk density.  So the previously presented r e s u l t s  of organic 
carbon ana lys i s ,  reavealing t h a t  t he  ranch s o i l s  contained a 
higher percentage of organic carbon than the  s o i l s  of the  Park 
re levPs,  a r e  consis tent  with the  s o i l  moisture and bulk density 
r e s u l t s .  
The percentage of area covered by l i t t e r  was higher i n  the  
ranch relevBs than i n  those of the  Park. The average percentage 
cover of l i t t e r  was 31.75% i n  the  grassland areas  of the ranch 
and 23.7% f o r  the  Park grass  communities. The observation of 
g r e a t e r  l i t t e r  cover i n  the ranch may have been a function of the 
po in t  i n t e r c e p t  method of vegetat ion analys is .  The l e s s e r  height  
of ranch grasses  permitted the  point  of the  frame t o  penetrate t o  
t he  l i t t e r  l ayer  before achieving a s t r i k e .  The t a l l  grasses and 
inf lorescences  of the  Park made the  in te rcep t ion  of l i t t e r  
concentrated a t  ground leve l  more unl ikely .  This abundance of 
l i t t e r ,  a s  well  a s  the  presence of c a t t l e  feces  i n  the  ranch 
s i t e s ,  may have contributed t o  the  higher organic carbon leve l s  
of t he  ranch s o i l s .  Ca t t l e  feces  accounted f o r  2.89% of the  mean 
cover of t he  ranch relev8s. 
I n  addi t ion t o  the  r e s u l t s  concerning w a t e ~ h o l d i n g  
capaci ty ,  two f ac to r s  indicated t h a t  ranch s o i l s  may be capable 
of r e t a i n ing  moisture b e t t e r  than Park so i l s .  A s  mentioned 
above, t h e  l i t t e r  cover was g r ea t e r  i n  t he  ranch than i n  the 
Park. Also the  area of exposed s o i l  was g r ea t e r  i n  the  Park 
relevBs and 2.98% f o r  the  ranch relevzs.  Pigs  digging f o r  
bracken f e r n  rhizomes and hairy ca t s ea r  leaves  i n  Park grasslands 
were probably the  cause of the  g r ea t e r  amount of exposed s o i l  i n  
t h i s  a rea .  These two f ac to r s  of l i t t e r  cover and exposed s o i l  
su re ly  inf luence the  speed and amount of evaporation of moisture 
from the  s o i l s  of the  mountain parkland. 
Another s o i l  property which may poss ibly  be re la ted  t o  
vegeta t ion cover is pH. Resul ts  presented e a r l i e r  showed t h a t  
t he  ranch s o i l s  were more ac id ic  than those of corresponding park 
areas .  A s  the  s o i l  a c id i t y  may be influenced by the  decomposing 
p l an t  l i t t e r  of the  area,  the  d i f f e r i ng  f l o r a  of the  ranch and 
Park might conceivably be responsible f o r  the  variance i n  s o i l  
pH. Th is  is merely speculat ion,  a s  no da ta  a r e  avai lable  t o  
i nd i ca t e  t h a t  ranch plant  species a r e  more incl ined t o  ac id i ty  
than those  growing i n  the Park. One other  f a c t o r  which ce r ta in ly  
has contr ibuted t o  g rea te r  a c i d i t y  i n  t he  ranch s o i l s  is the  
higher l e v e l  of organic matter. 
Percentage organic carbon was thus  the  p ivo ta l  s o i l  f a c to r  
of t h i s  study; it was the one s o i l  property which seemed t o  show 
a co r r e l a t i on  with the other s o i l  p roper t i es  invest igated  a able 
8 ) .  There was a negative l i n e a r  co r r e l a t i on  between pH and 
organic carbon and between bulk densi ty  and organic carbon. This 
impl ies  t h a t  the  pH and bulk densi ty  of parkland s o i l s  decreased 
a s  t he  organic carbon increased. The cor re la t ions  between 
organic carbon and water content a t  both f i e l d  capacity and 
permanent wi l t ing  percentage were pos i t ive  and high f o r  A horizon 
s o i l s  and somewhat lower posi t ive  values f o r  B horizon s o i l s .  
The s o i l s  of the  ranch and Park re levzs  were ra the r  
d i s s im i l a r  i n  both physical and chemical proper t ies ,  although 
they were r e l a t ed  by t h e i r  o r ig in  and development. The 
vegetat ion di f ferences  of the  two a reas  cannot be considered 
responsible f o r  the  d i f fe r ing  s o i l  r e su l t s .  Conversely, it 
cannot be in fe r red  that the vegetat ion of the  ranch and Park 
por t ions  of the mountain parkland d i f fe red  due t o  edaphic 
fac to rs .  The conclusion presented here is t h a t  the  vegetat ion 
has been a l t e r ed  by c a t t l e  grazing while the s o i l s  have escaped 
the  po t en t i a l l y  detr imental  e f f e c t s  of grazing. The di f ferences  
i n  s o i l  proper t ies  of the  two areas  may be a t t r i bu t ed  t o  the 
higher percentage orgainc carbon i n  the  ranch. The mechanism 
behind the  organic carbon accumulation i n  ranch s o i l s  is  obscure 
but  may ind ica te  the involvement of d i f f e r i ng  r a t e s  of 
microbiological a c t i v i t y  i n  the  s o i l s  of the Park and ranch. 
Another p o s s i b i l i t y  is that these r e s u l t s  a r e  evidence of a very 
sub t l e  influence of the  dispara te  vegetat ion cover ac t ing  upon 
the  s o i l  through the  process of l i t t e r  decomposition. 
DISCUSSION 
Daubenmire (1940) has s t a t ed  t h a t ,  "In any study of the  
grazing f ac to r ,  one must have evidence t h a t  the  o r ig ina l  
vegeta t ion was e s sen t i a l l y  i den t i c a l  a t  a l l  the  s t a t i o n s  which 
a r e  analyzed and t h a t  the  environment, except f o r  the  herbivores, 
was uniform." Although it is impossible t o  demonstrate t h a t  the  
two a reas  studied were previously i den t i c a l ,  the  proximity of the 
Park and ranch s i t e s  makes t h i s  a d i s t i n c t  pos s ib i l i t y .  I n  any 
case,  the  fence l i n e  separating the  Hawaii Volcanoes National 
Park and Keauhou Ranch is not a na tu ra l  boundary. For 
evidence of the  vegetat ion of the  mountain parkland ecosystem 
before the  advent of introduced mammals, there  a r e  descr ip t ions  
of t h e  vegetat ion observed during ascents  of Mauna Loa by both 
Menzies in- 1794 ( ~ e n z i e s  1920) and Douglas i n  IS34 ( ~ i l s o n  191 9 ) .  
Although uniformity of the  environment f o r  any two s i t e s  is 
d i f f i c u l t  t o  e s t ab l i sh ,  the placement of the  p a i r s  of re levzs  
insures  s im i l a r i t y  i n  the climate of t he  s i t e s .  S o i l  p i t s  a t  
each s i t e  ind ica te  a s imi la r i ty  i n  the  s o i l  parent  mater ia l  and 
horizon development. 
Vegetation Structure  
Even a cursory examination of the  ranchland adjacent  t o  the  
mountain parkland ecosystem of the Hawaii Volcanoes National Park 
revea l s  remants of the  former vegetation. A t  t he  lower 
e leva t ions  of the  former ecosystem, old and decadent koa t r ee s  
a r e  no t  uncommon. Near the middle of the  parkland, a t  elevations 
near 5500 f e e t ,  mamane t r ee s  occur on the  ranch. No young t r ee s ,  
sapl ings  o r  seedlings of these two nat ive  species were observed 
during the  study of t h i s  region of the  ranch. 
Results  from a comparison of two s e t s  of a e r i a l  photographs 
of t h e  parkland ecosystem emphasized the  di f ferences  i n  the 
vegetation s t ruc ture  of the  two areas. The t r e e  cover of the 
p a r t  of the mountain parkland within the  Park more than doubled 
i n  t h e  11 year in te rva l  between a e r i a l  photographs. During t h i s  
same time the percentage cover of t r e e s  i n  the  ranch adjacent t o  
the  Park increased only s l igh t ly .  This increase i n  Park t r e e  
cover was mainly due t o  the  spread of koa colonies. 
Muelle~Dombois and Kra jina (1 968) calcula ted t h a t  these  colonies 
of koa were penetrating the mountain parkland grasslands a t  a 
r a t e  of 0.5-2.5 m per year. 
This expansion of koa i n  the  absence of c a t t l e  supports the  
conclusions of Baldwin and Fagerlund (1943) who maintained t h a t  
c a t t l e  grazing suppressed koa reproduction. This suppression 
resu l ted  i n  an a l t e r a t i on  of the  natural  vegetation s t ruc ture  of 
the  parkland ecosystem. Since removal of c a t t l e  from the  Mauna 
Loa S t r i p  of the Hawaii Volcanoes National Park i n  1948 ( ~ p p l e  
1954), the  grazing pressure has been diminished while c a t t l e  have 
continued t o  graze i n  the Keauhou Ranch. Thus the  s t ruc tu r a l  
degradation of the  ecosystem continued i n  the  ranch port ion of 
t he  study area while the Park port ion began t o  recover. 
The increase i n  Park t r e e  cover has occurred despi te  the 
presence of f e r a l  goats i n  the  ecosystem. I t  is evident from a 
parkland exclosure study by Spatz and Muelle~Dombois (1 973) t h a t  
goats  may ser iously  impair the vegetative reproduction of koa by 
browsing. Feral  pigs present i n  the  mountain parkland ecosystem 
may a l so  be responsible f o r  damaging young koa seedlings 
(scowcroft 1971 ; Cooray 1974) . However, the  combined impact of 
these  f e r a l  animals seems t o  be l e s s  important than the  e f f ec t s  
of c a t t l e  grazing on the s t ruc ture  of the  vegetation of t h i s  
ecosystem. Bryan (1971) has remarked t h a t  c a t t l e  have done more 
damage t o  the  nat ive  Hawaiian f l o r a  than a l l  the  other  introduced 
f a c t o r s ,  such a s  sheep, goats, insec t s ,  diseases,  and man-made 
f i r e s .  
It must be noted t ha t  the  both goats and pigs  occur i n  the 
ranch port ion of the mountain parkland a s  well a s  i n  the  Hawaii 
Volcanoes National Park. The Park has made an e f f o r t  i n  recent 
years  t o  reduce goat and pig populations through hunting, while 
t h i s  type of consis tent  control  is largely  lacking on the  
adjacent  ranch. The author has on several  occasions observed 
goat  herds on Keauhou Ranch numbering between 30 and 40 
individuals.  
The a e r i a l  photographs a l so  revealed an increase i n  shrub 
cover i n  both Park and ranch between 1954 and 1965. The 
percentage of area covered by shrubs increased by 11% i n  the  Park 
and by 6% i n  the ranch portion of the  study. The increase i n  
both Park and ranch indicates  t h a t  f luc tua t ion  i n  the numbers of 
c a t t l e  grazing i n  the ranch may be a f ac to r  t o  be considered. 
Also, a cessat ion o r  reduction of the  ranch pract ice  of c lear ing 
shrubs may be involved i n  the increase i n  ranch shrub cover. 
Indigenous shrubs such a s  ' a ' a l i ' i  and pukiawe a re  considered t o  
be noxious p lan t s  because of t h e i r  lack of forage value ( ~ o s a k a  & 
Thi s t l e  1954). It is known tha t  shrub c lear ing was practiced on 
Kapapala Ranch pr io r  t o  1948 ( A P P ~ ~  1954); it is possible t ha t  a 
reduction i n  t h i s  a c t i v i t y  is responsible f o r  the  shrub cover 
increase  noted on Keauhou Ranch. Ca t t l e  undoubtedly do graze 
upon shrubs i n  the ranch even though the  most common shrub of the 
area (pukiawe) has small prickly leaves and is probably l e s s  
pala table  than other plants of the area. During t h i s  study it 
was noted t h a t  many ranch shrubs had a rounded, clipped 
appearance. The height of shrubs was consis tent ly  g rea te r  i n  
Park relevBs (~ppendix  11). 
A frequent e f f ec t  of c a t t l e  grazing noted i n  North America 
is t h e  increase of shrubs a t  the expense of grasses ( ~ l e m e n t s  
1949; Johnston e t  a l .  1971). This does not  seem t o  be the  case 
i n  t h e  mountain parkland ecosystem. Although the shrub cover did 
increase  i n  the  ranch, this increase was probably localized i n  
the rocky areas  which a re  the normal hab i t a t  of shrub communities 
( ~ u e l l e r - ~ o m b o i s  1967). Thus the shrub cover increase did not 
represent  an encroachment upon grass  communities. I t  is not 
uncommon f o r  c a t t l e  t o  cause d r a s t i c  changes i n  the  vegetation 
cover. I n  New Zealand c a t t l e  and other f e r a l  animals converted a 
r a in  f o r e s t  i n to  a grassland ( ~ o o r e  & Cranwell 1934). Forests  i n  
temperate climates may a l so  be reduced t o  grasslands sole ly  
through t he  grazing of animals (~loudsley-~hompson 1975). 
Nevertheless, s t r uc tu r a l  degradation of vegetation may not be 
permanent i f  the grazing is discontinued. Cockayne (quoted by 
Allan 1936) believed t ha t  removal of grazing animals from areas 
of New Zealand would enable pastures t o  r eve r t  t o  r a in  fo res t .  
The capacity of c a t t l e  t o  a l t e r  the  s t ruc ture  of vegetation 
is wel l  established ze dams 1.375). I n  the mountain parkland, 
c a t t l e  grazing may cause the decrease of the t r e e  stratum by 
i n t e r f e r i ng  with t r e e  regeneration ( ~ a l d w i n  & Fagerlund 1943 ; 
Whitesell 1964). Another reported consequence of c a t t l e  grazing 
is the  dest ruct ion of t r e e s  by roo t  trampling. Koa t r e e s ,  the 
primary t r e e  species of the parkland, reportedly have shallow 
roo t  systems ( ~ u d d  1920), which may be injured by the trampling 
ac t ions  of c a t t l e  ( c l i ne  e t  a l .  1939). Besides d i r e c t  physical 
damage t o  koa root systems, c a t t l e  may be ind i rec t ly  responsible 
f o r  the  death of t r e e s  through the removal of undergrowth, which 
functioned a s  protect ive  cover f o r  shallow o r  surface roots 
 i if f a rd  1 91 8; Rock I 91 3) . Another possible i nd i r ec t ,  but 
detrimental ,  e f f e c t  of c a t t l e  on koa is the  compaction of s o i l  
around t rees .  This phenomenon, reported by Scowcrof t (1 971 ) , 
apparently causes a reduction i n  pore space and thus slows 
i n f i l t r a t i o n  ra tes .  Compaction of s o i l s  by c a t t l e  hooves was not 
i nd i ca t  .ed by the  r e s u l t s  of the  prese !nt study because ranch s o i l s  
had lower bulk density values than Park s o i l s .  However, s o i l  
sampling i n  t h i s  study was carr ied out  i n  grasslands,  and s o i l s  
beneath the  few koa t r e e s  remaining i n  t he  ranch were not 
sampled. Although the r e s u l t s  af a e r i a l  photograph analysis  did 
i nd i ca t e  t h a t  c a t t l e  were responsible f o r  suppression of koa i n  
the  parkland, the  question of whether the  s t r u c t u r a l  degradation 
i n  t he  parkland was due t o  trampling o r  prevention of t r e e  
regeneration is beyond the  scope of t h i s  study. A s  previously 
noted, koa seedlings or  suckers were not observed i n  the  ranch, 
even though old ,  but  l iv ing ,  koa remain i n  the  grazed area of 
Keauhou. These observations, coupled with t he  f a c t  t h a t  
compaction was not noted i n  ranch s i t e s  during the  present  study, 
lend credence t o  the  hypothesis t h a t  c a t t l e  have a l t e red  
vegetation s t ruc ture  i n  t he  parkland by reducing t r e e  
regeneration. 
I n  con t ras t  t o  the b i o t i c  f ac to r  of introduced herbivores, 
f i r e  or iginat ing from l ightning o r  lava flows seems t o  be a 
na tu r a l  perturbation i n  the  mountain parkland (Mueller-Dombois 
1967; Vogl 1959). Koa is apparently f i r e  adapted ( ~ o g l  1969) , a s  
thousands of koa seedlings have been observed subsequent t o  the 
occurrence of f i r e s  i n  koa f o r e s t s  (~amoureux 1971 ) . Seemingly, 
t h e  grassland vegetation of the  parkland is  not permanently 
damaged by f i r e  i f  the disturbance does not  occur too frequently 
(Mueller-~ombois 1976). Nevertheless, f i r e s  may be more severe 
i n  Park grasslands than i n  those of the ranch due t o  the  greater  
biomass i n  Park communities, a s  evidenced by the  t a l l e r  height of 
na t ive  bunchgrasses and shrubs. The area along t he  S t r i p  Road i n  
t he  Park s t i l l  shows the marks of a f i r e  which swept through the  
a rea  i n  1975, although l i t t l e  evidence of the  conflagration 
remains i n  the  ranch grasslands which were burned. I t  may be 
t h a t  t h e  balance of p lan t  composition ex i s t ing  i n  a native 
ecosystem merely requires a longer period of recovery time. 
F l o r i s t i c  Composition 
The grasslands of the  mountain parkland a r e  r e l a t i ve ly  
simple communities composed of about 10 herbaceous species  with 
appreciable cover (~ueller-Dombois 1975). The grass  communities 
of t h e  ranch a r e  composed almost exclusively of introduced p lan t  
species.  By contras t ,  the park grass  communities a r e  made uo of 
both indigenous and exotic species,  with t he  endemic grass 
Deschampsia a u s t r a l i s  the c l ea r  dominant i n  most areas.  
The success of introduced grasses i n  the  ranch port ion of 
the  study may be due t o  some aspect  of t h e i r  reproductive 
capaci ty  o r  growth form. A decumbent growth form and production 
of rhizomes i s  often re la ted  t o  the  a b i l i t y  of a grass  t o  
withstand grazing  anso son & Churchill 1961 ) . Two s toloniferous  
spec ies  almost ubiquitous i n  the  ranch bu t  found i n  none of the 
Psrk relevBs a re  carpetgrass and Kikuyu grass.  These two grasses 
t yp i ca l l y  form dense mats and a r e  able t o  withstand heavy 
graz ing  because of t h e i r  growth form (Whitney, Hosaka, % 
Ripperton 1964). Because of its extens ive  underground stems, 
Xikuyu g r a s s  is  p a r t i c u l a r l y  adapted t o  undergo heavy trampling 
a s  w e l l  a s  grazing ( ~ o s a k a  1953). Two o the r  g ras ses  with a 
c reeping o r  p r o s t r a t e  hab i t ,  which a r e  found almost exclus ive ly  
i n  ranch re l evgs ,  a r e  Bermuda g rass  and Brown's love grass .  
Other  g ras ses  of importance i n  t h e  ranch owe t h e i r  success 
t o  t h e i r  r e l a t i v e  unpa la t ab i l i t y  t o  c a t t l e .  African dropseed and 
sweet ve rna l  g r a s s  a r e  both avoided by c a t t l e  when o t h e r  forage 
i s  a v a i l a b l e .  Unpa la t ab i l i t y  and t h e  a b i l i t y  t o  reseed  read i ly  
enable these  two grasses  t o  dominate some ranches (Whitney, 
Hosaka, & Ripperton 1954). Carpetgrass  is  a l s o  unpala table  t o  
c a t t l e  ( ~ o s a k a  1957) and has a s t o l o n i f e r o u s  growth form which 
a l lows it t o  survive  even heavy grazing.  Allan (1935) reported 
t h a t  lovegrass  and African dropseed have become es t ab l i shed  i n  
c a t t l e  d is turbed grass lands  of New Zealand. They a r e  capable of 
suppressing indigenous species  i n  grazed o r  burned a r e a s  b u t  have 
apparent ly  no t  been successful  i n  invading undisturbed indigenous 
communities i n  N e w  Zealand. These f i n d i n g s  support  t he  r e s u l t s  
of t h i s  s tudy a s  these  same two g r a s s  spec ies  a r e  p r a c t i c a l l y  
non-existent  i n  Park relevPs. 
One n a t i v e  p l a n t  common i n  both ranch and Park r e l evzs  is 
bracken f e r n ,  which is c e r t a i n l y  unpala table  t o  c a t t l e  and may 
even be poisonous ( ~ o s a k a  & T h i s t l e  1954). Elsewhere i n  the  
world, f e r n s  of t h i s  species  a r e  a c u t e l y  t o x i c  t o  domestic 
animals ( ~ e w i s  & Elvin-Lewis 1977) . However, o t h e r  p l a n t s  
indigenous t o  the  mountain parkland lack  any d e t e r r e n t  t o  
graz ing .  The g r a s s  Deschampsia is apparent ly  pa la t ab le  t o  c a t t l e  
( Whitney , Hosaka , & Ripperton 1964 ) , and consequently it is 
r a r e l y  p resen t  i n  r a n c k  grassland except  i n  rocky o r  shrubby 
a reas .  The endemic ?fountain p i l i ,  a very p a l a t a b l e  g ras s  
( ~ h i t n e ~ ,  Hosaka, & Ripperton 1964) , was no t  observed a t  a l l  i n  
ranch relev8s.  Both these  grasses  a r e  important components of 
t h e  Park grass lands .  
Introduced ve lve tgrass ,  genera l ly  considered a good pas ture  
g r a s s  wi th  acceptable  p a l a t a b i l i t y ,  occurred very in f requen t ly  i n  
t h e  ranch, d e s p i t e  being ubiquitous i n  t h e  Park. The ubiqui ty  of 
t h i s  g r a s s  i n  the  Park port ion of the  ecosystem is promoted by 
p ig  d is turbance  i n  the  mountain parkland ( ~ p a t z  & Mueller-Dombois 
1975). Regardless  of o r ig in ,  spec ies  t h a t  a r e  p re fe r red  by 
c a t t l e  f o r  forage  have been el iminated and replaced by those 
s p e c i e s  b e t t e r  adapted t o  withstand t h e  pressures  of grazing. 
Na tu ra l ly ,  continued removal of p a l a t a b l e  grasses  al lows b e t t e r  
growth of remaining p lan t s  which a r e  r e f e r r e d  t o  a s  " increasers" 
by some au thors  (weaver 1968). 
Th i s  replacement of dominant n a t i v e  species  by introduced 
g r a s s e s  may be an ind ica t ion  of d e s t r u c t i v e  overgrazing ( ~ l e m e n t s  
1949). A s  has o f t e n  been the  case i n  the  p r a i r i e  of t h e  Mid-West 
(weaver 1953),  t h e  normal cover of t h e  mountain parkland cannot 
be maintained i n  a range where c a t t l e  a r e  l imi t ed  i n  grazing 
area.  Spatz (1973) reported t h a t  the  port ion of Keauhou Ranch 
dominated by African dropseed, carpet  grass ,  and Austral ian 
watergrass showed evidence of degradation. These dropseed 
communities were apparently ind ica t ive  of d r i e r  conditions; 
we t te r  pastures near the  Park boundary were dominated by Kikuyu 
grass.  Although Kikuyu grass  communities were productive, with 
more than twice the yie ld  of crude prote in  of the dropseed 
communities, Spatz reported t h a t  they were heavily grazed and 
l i k e l y  t o  decrease i n  productivity i n  the  fu ture  i n  the absence 
of b e t t e r  management practices.  
Fagerlund (1 947) believed t h a t  a discontinuation of c a t t l e  
grazing a s  well a s  a reduction i n  the  numbers of goats and pigs 
would r e s u l t  in a decrease i n  the  abundance of exot ic  p lan t s  i n  
t he  Mauna Loa section of the  Hawaii Volcanoes National Park. He 
contended t h a t  over half of the  vascular p lan t  species found i n  
t h i s  a rea  were exot ics ,  and recorded 43 exo t ic  p lan t  species from 
the  mountain parkland alone. I t  i s  doubtful whether any exot ic  
spec ies  has been t o t a l l y  eliminated from the  parkland i n  t he  past  
30 years. Fagerlund's prediction t h a t  exo t ics  would decrease i n  
the  absence of c a t t l e  grazing is not borne out by the  r e s u l t s  of 
t h i s  study. A number of exot ics  remain i n  the Park, despi te  the 
cessat ion of c a t t l e  grazing. Some of these exot ics ,  such a s  
velvetgrass  and Australian watergrass, maintain a respectable 
amount of cover i n  the Park. Others, such a s  hairy ca t sear  and 
sheep so r r e l ,  may be present i n  small quan t i t i e s  bu t  a re  
widespread throughout the parkland ecosystem. The two l a t t e r  
spec ies  a re  of common occurrence i n  disturbed communities of New 
Zealand, but  ostensibly do not aggressively displace indigenous 
p l an t  species there  ( ~ l l a n  1936). 
Velvetgrass w a s  the second most prevalent  p lan t  species i n  
Park grassland communities, with an average cover amounting t o  
over 15% i n  study relevgs. Only the dominant endemic grass 
Deschampsia had a greater  average cover i n  these releves (27%). 
Velvetgrass maintains t h i s  high degree of cover i n  the Park 
por t ion of the  mountain parkiand through the  agency of pig 
digging ( spa tz  & Mueller-Dombois 1975). Evidence of pig digging 
was frequently observed during fieldwork f o r  t h i s  study. I n  
t h e i r  search f o r  the  rhizomes of bracken and the  roo ts  and leaves 
of ha i ry  ca t sear  ( ~ a c o b i  1976; Gi f f in  1977), p igs  expose much 
s o i l  and uproot bunchgrasses. Spatz and Mueller-Dombois (1 975) 
concluded that Deschampsia would be capable of becoming ( o r  
remaining) dominant over velvetgrass on a long-term basis  i f  the 
dis turbing influence of f e r a l  p igs  were removed. 
Even though exot ics  compose a s izab le  port ion of the 
vegetation cover of t h i s  ecosystem i n  the  Park, indigenous or  
endemic p lan t s  still cons t i tu te  the  bulk of the cover of the  Park 
study segment, with more than double the  cover of exotics.  I t  i s  
poss ible ,  of course, t ha t  exot ic  p lan t  cover may have diminished 
i n  t h e  Park i n  the  30 year h ia tus  i n  c a t t l e  grazing. African 
dropseed, the  ranch dominant, was present in very small mounts 
i n  a couple of Park relev&. It  is conceivable t h a t  t h i s  grass 
and o ther  exo t ics  were formerly more abundant i n  the  grazed Mauna 
Loa s t r i p ,  but  t h i s  supposition i s  impossible t o  r e fu t e  o r  
af f i rm,  lacking quan t i t a t ive  values f o r  these  species previous t o  
the  cessat ion of c a t t l e  grazing i n  t he  Park. 
During the  course of t h i s  study, a few small p lo t s  enclosed 
by Spatz (1973) on Keauhou Ranch pas tures  were examined, but  no 
s t r i k i n g  di f ferences  i n  species composition were observed. 
Evidently three  years is  not su f f i c i en t  time f o r  change t o  occur 
on such small (2 m X 2 m) exclosures. I n  New Zealand, Cockayne 
(1929) put  a time sca le  of 100 years  on the  recovery of native 
r a i n  f o r e s t  which had been degraded by animals t o  pasture. The 
op t imis t i c  viewpoint of Allan (1 935) and Egler  (1 942) , regarding 
the  po t en t i a l  f o r  v ic tory  of indigenes over exot ic  p lan t s ,  might 
be rea l i zed  i n  the mountain parkland i f  the  ecosystem were given 
p ro tec t ion  from grazing f o r  a s u f f i c i e n t  length of time. 
Clustering Tendencies of RelevPs 
The c l a s s i f i c a t i o n  techniques employed i n  t h i s  study readi ly  
separated the  sample stands of the Park from those of the ranch. 
The synthes is  t a b l e  technique es tabl ished one species group t o  
represent  the  ranch and a d i f fe ren t  species  group f o r  Park. The 
four  character  species  of Group 2 were p r ac t i c a l l y  ubiquitous i n  
t he  ranch. I n  f a c t ,  the synthes is  t a b l e  showed a ce r ta in  
homogeneity among relevPs within t h i s  hal f  of the  study area. 
F l o r i s t i c  d i f ferences  between sample s tands  were not  g r ea t  enough 
t o  produce species  groups d i f fe ren t ia t ing  between the  23 relevBs 
located on the  ranch. This was not the  case with a study of 
Keauhou Ranch vegetat ion by Spatz (1973). I n  the  area  bordering 
t he  Park s t r i p ,  Spatz defined a t  l e a s t  th ree  d i f f e r en t  groups of 
p l an t  communities which he named a f t e r  the dominant grass 
species:  Pennisetum communities, Sporobolus communities, and 
Anthoxanthum-Axono~us communities. Within these communities he 
was ab le  t o  e s t ab l i sh  d i f f e r en t i a l  species  separating h i s  relevzs 
i n t o  groups representing humid, dry,  o r  exhausted conditions. 
The study by Spatz was an analys is  of the  pastures of Keauhou 
Ranch which encompassed a very l a rge  area  and contained diverse 
hab i ta t s .  Also, the  study was based on numerous very small (2 m 
X 2 m) releves.  These f ac t s ,  coupled with the obvious exclusion 
of any Park communities from h i s  sampling s i t e s ,  accounts f o r  the 
divergence of h i s  r e s u l t s  from those of t h i s  study. Three of the 
g rasses  considered dominants i n  Spatz ' s study appear a s  
d i f f e r e n t i a l  species  in  Group 2 of the  synthes is  t ab l e s  presented 
here. 
The species  of Group I i n  the  present  study a l so  appear a s  
d iagnost ic  species  f o r  the parkland ecosystem i n  two other 
s tud ies .  Newel1 (1958), i n  a vegetat ion analys is  of the e n t i r e  
Hawaii Volcanoes National Park, found velvetgrass (along with 
koa) t o  be a d i f f e r e n t i a l  species of the  a l l i ance  encompassing 
t he  mountain parkland ecosystem. She fu r t he r  l i s t e d  mountain 
p i l i  a s  a d i f f e r e n t i a l  species of the Panicum-Rumex associa t ion 
with in  t he  a l l i ance .  I n  the  present  study only the  g rass  and 
shrub community relevgs were used f o r  synthes is  t ab l e  generation. 
Therefore koa could not  be among the  diagnost ic  species  of the  
t a b l e  presented,  although the  species is  undoubtedly one of the  
most important of the ecosystem. Sheep s o r r e l ,  an introduced 
fo rb ,  was found a t  many of the  s i t e s  of t h i s  study, but  was 
d i s t r i bu t ed  throughout both Park and ranch port ions.  Thus it was 
no t  a l i k e l y  candidate f o r  a character  species.  
I n  a n  ana lys i s  of the In te rna t iona l  Biological  Program (IBP) 
Mauna Loa t r an sec t  , Mueller-Dombois and Bridges (1 975 ) presented 
a syn thes i s  t ab l e  including species  groups s imi la r  t o  those of 
t he  p resen t  study. I n  the port ion of the  t r an sec t  encompassing 
t he  mountain parkland, two species groups were important. One of 
these  included ve lve t  grass, Carex wahuensis, koa, pukiawe, and 
mountain p i l i .  A comparison of t h i s  l ist  with the  species groups 
of Table 4 revea l s  t h a t  two out of three  d i f f e r e n t i a l  species of 
t he  Park por t ion of the present  study were included i n  t h i s  
spec ies  group of Mueller-Dombois and Bridges. The other two 
p l a n t s  i n  t h e i r  group a r e  c e r t a i n ly  important species,  bu t  were 
excluded a s  d i f f e r e n t i a l  species i n  the  present  study. A s  only 
g r a s s  and shrub communities were involved i n  the  synthes is  t ab l e  
generat ion,  koa appeared only r a r e ly  i n  the relevBs. The 
d i s t r i b u t i o n  of pukiawe i n  both ranch and Park por t ions  of t h i s  
study precluded it a s  a character  species  of e i t h e r  area. 
Xountain p i l i  d id  not  emerge a s  a d i f f e r e n t i a l  species  i n  Table 
4, b u t  the  use of another s e t  of r u l e s  produced a t ab l e  (~ppend ix  
11) t h a t  did include t h i s  endemic grass  i n  a diagnostic species 
group. 
The t h i r d  species cha r ac t e r i s t i c  of Park relevBs i n  the  
p resen t  study, Deschampsia, occurred i n  a second species group of 
Mueller-Dombois and Bridges. This group, including bracken f e rn  
and t h e  shrub a ' a l i ' i ,  incorporated a l a rge  number of re levss  
along t he  Mama Loa t ransect .  I ts d i s t r i bu t i on  extended beyond 
the  parkland ecosystem i n t o  the  savanna a t  lower e levat ions  and 
i n t o  t he  subalpine zone a t  higher a l t i t udes .  I n  the  synthes is  
t a b l e  presented here, it may be seen t h a t  bracken was d i s t r ibu ted  
throughout both Park and ranch relevPs while a ' a l i ' i  appeared 
only i n  the  Park. 
The synthes is  t ab le  provided an object ive  s t r uc tu r e  with the  
p o t e n t i a l  t o  d isc lose  plant  species  which may dis t inguish  a 
por t ion  of the  vegetation from the  whole, thus c lass i fy ing  it. 
The use of dendrographs, a l so  c l a s s i f i c a to ry  i n  nature,  permitted 
t he  graphic d isplay of the re la t ionsh ips  between sample stands. 
The c lus te r ing  tendencies revealed by the  dendrographs 
ind ica ted  a dichotomy of Park and ranch a reas ,  substant ia t ing the  
s i m i l a r  outcome of the synthesis  table .  The second dendrograph 
is t o  be preferred,  f o r  the reason t h a t  it u t i l i z e d  the 
quan t i t a t i ve  data  which were avai lable .  This  method a l so  tends 
t o  confirm the  previous in te rpre ta t ions  of the  vegetat ion based 
on t h e  f l o r i s t i c  composition of the  two areas.  A l l  techniques 
employed t o  analyze the  mountain parkland vegetation support the 
hypothesis t ha t  grazing has g rea t ly  a l t e r ed  the ranch port ion of 
t h i s  ecosystem. 
I n  addit ion,  the  dendrograph based on presence-absence data 
upholds the  second hypothesis of t h i s  study, t h a t  c a t t l e  grazing 
has suppressed var ia t ion  along the  a l t i t u d i n a l  gradient  i n  the 
mountain parkland. Acceptance of t h i s  hypothesis is  encouraged 
by t h e  existence of c lu s t e r s  of Park relev?% i n  the  dendrograph 
which a r e  separated on the  basis  of t h e i r  e levat ional  posit ion.  
The c r i t i c a l  e levat ion where t h i s  separation occurs is  near the 
mid-point of the  study area between 5200 and 5400 f ee t .  Park 
grassland relev& exhibited a l t i t u d i n a l  var ia t ion,  whereas the 
ranch grassland re leves  were more uniform. This study provides 
evidence t h a t ,  through grazing, c a t t l e  a re  capable of suppressing 
the  na tura l  e f f e c t s  of a l t i t u d e  on vegetation variat ion.  
S o i l s  
While many of the  di f ferences  i n  the  vegetation of the 
grazed and ungrazed port ions of the parkland ecosystem were 
obvious, the  e f f ec t s  of grazing on the  s o i l s  of the  area were 
more sub t le  and l e s s  v i s ib le .  The d i f f e r i ng  s o i l  depths of the 
two a reas  were probably not a t t r i bu t ab l e  t o  any detrimental 
e f f e c t s  of c a t t l e  upon the  ranch. No evidence of ser ious  erosion 
was discovered on the  ranch port ion of the  study area ,  bu t  pas t  
ranch pract ices  included the c lear ing of shrubs, which may have 
resu l ted  i n  l o s s  of s o i l  ( ~ p p l e  1954). Another possible 
explanation f o r  shallower ranch s o i l s  may be found i n  the  nature 
of t he  o r ig in  of the  s o i l  parent material .  The parkland s o i l s  
a r e  derived from var iable  ash deposits  ( ~ o t y  & Mueller-Dombois 
1965) ; therefore ,  the var ia t ion i n  s o i l  depth of the  ranch and 
Park s i t e s  may be due t o  the di f ferences  i n  depth of the  ash 
layer  inherent  i n  the  region. 
A t  l e a s t  two other authors have reported var iable  s o i l  
depths f o r  the  mountain parkland. Spatz (1973) l i s t e d  s o i l  
depths i n  Sporobolus communities of Keauhou Ranch ranging from 12 
t o  100 cm. The s o i l  depths reported by Ra jput (1 968) f o r  grass  
and shrub communities i n  the mountain parkland segment of the 
Hawaii Volcanoes National Park ranged from 14 t o  50 cm, and were 
s imi l a r  t o  the  mean depths of the  Park re levss  i n  the present 
study . 
The r e s u l t s  from the invest igat ion of the bulk density of 
parkland s o i l s  were inconclusive. Other authors have reported 
t h a t  grazing increased the bulk density of surface s o i l s  by 
compaction ( ~ u v a l l  & Linnartz 1972; McCarty & Mazurak 1976). 
Adams (1975) c i t e d  a study i n  which grazing increased the  bulk 
densi ty  of a woodland s o i l  by 29%. Another study ( ~ i m a r t z  e t  
a l .  19%) reported increases i n  the  bulk density of Louisiana 
woodland s o i l s  ranging from 1 t o  7%, according t o  the  s o i l  
horizon and the i n t ens i t y  of grazing. The r e s u l t s  of the present 
study showed t h a t  the bulk density values of ungrazed Park s o i l s  
were g rea te r  than those of the  ranch s o i l s  which supported 
grazing. This circumstance is not without precedent, a s  Yamamoto 
(1963) reported t h a t  mean bulk density was higher f o r  s o i l s  of 
" id le"  grassland than f o r  pastureland s o i l s .  
The mountain parkland s o i l s  had bulk dens i t i e s  ranging from 
0.48 t o  I .OO g/cm , values about hal f  a s  large  a s  would be 
expected f o r  North American s o i l s  with a sandy loam texture  
(~uckman & Brady 1969). These dens i t i e s  a r e  not  exceptional f o r  
Hawaiian s o i l s ,  which a r e  known t o  have r e l a t i v e l y  low volume 
weights ( ~ o i r  e t  a l .  1936). Values obtained during the  present 
study a r e  a l so  somewhat higher than the  bulk densi ty  of 0.54 g/cm 
reported f o r  a Hanipoe s e r i e s  s o i l  i n  an upland f o r e s t  of Hawai'i 
wi thin  the elevation b e l t  of the  parkland ecosystem. Parkland 
s o i l  bulk dens i t i e s  correspond qu i te  well t o  bulk density 
determinations f o r  many s o i l  s e r i e s  of the  Is land of Hawai'i 
l i s t e d  by Sato e t  a l .  (1973). A s  the  bulk density values were 
r e l a t i v e l y  low, it may be s t a t ed  t h a t  none of the  s o i l s  examined 
were compacted. The observed d i spar i ty  i n  bulk density values of 
Park and ranch s o i l s  may not be a t t r i bu t ed  t o  the  e f f e c t s  of 
c a t t l e ,  and is possibly an indicat ion of the  u n r e l i a b i l i t y  of any 
conclusion based on a paucity of sample cores. 
The r e s u l t s  of s o i l  moisture constant  determinations i n  the 
mountain parkland were unexpected, a s  ranch s o i l s  were found t o  
r e t a i n  more moisture than Park s o i l s  a t  both f i e l d  capacity and 
permanent wi l t ing  point. These constants a r e  based on s o i l  
t ex tu r e  and s t ruc ture ,  and the  s o i l s  examined appeared t o  f a l l  i n  
much the  sane tex tura l  c lass .  S o i l  s t r uc tu r e s  were not 
invest igated,  so it it possible t h a t  they d i f f e r  i n  the two 
areas .  Although the s o i l s  of both Park and ranch had s imilar  
amounts of pore space, the s i ze  of these pores may vary i n  the 
two segments of the.study.  Linnartz e t  a l .  (1965) noted t h a t  
grazing did not a l t e r  texture ,  moisture constants,  o r  pa r t i c l e  
densi ty  of Louisiana fo r e s t  so i l s .  
Ranch s o i l  moisture re ten t ion  a t  both pressure 
approximations compared very favorably with the  s o i l  moisture 
contents determined f o r  Hawaiian pastureland s o i l s  by Yamamoto 
(1963). I n  the  same study, Yamamoto presented mean values f o r  
moisture constants from "idle" grasslands i n  Hawai'i t h a t  were 
considerably higher than the  s o i l  moisture re tent ion r e s u l t s  
obtained f o r  Park s o i l s  in the present study. Water content a t  
f i e l d  capacity and permanent wi l t ing point  f o r  Apakuie s o i l s ,  
determined by Sato e t  a l .  (1973), was found t o  be much higher 
than the  values of percentage moisture under pressure 
approximations f o r  most s o i l s  i n  the  present study, but  was 
s imi l a r  t o  extreme values observed f o r  parkland s o i l s .  
I n  the  present study the percentage avai lable  moisture o r  
s torage capacity of A horizon s o i l s  was much the  same f o r  Park 
and ranch relevgs,  being 16.8 and 16% respectively.  Actual s o i l  
moisture data were not collected i n  t h i s  study, but  some f igures  
a r e  avai lable  f o r  parkland so i l s .  Myers (1974) reported s o i l  
moistures of 20.2$, 31.75, and 32.1% f o r  three s i t e s  along the 
Mauna Loa S t r i p  Road where vegetation cover consisted of koa 
t r e e s  and grasses.  Stoner e t  a l .  (1975) found t h a t  s o i l  moisture 
i n  t he  mountain parkland ranged from 18 t o  27%. I n  Alberta, 
Canada, Johnston (1 962) found t h a t  the water-intake r a t e  and 
percentage s o i l  moisture decreased a s  the i n t ens i t y  of grazing 
increased. Other authors have reported t h a t  grazing has the  
e f f e c t  of lowering the percentage moisture of s o i l s  ( ~ l l i s o n  
1960; Beebe & Hoffman 1968; Johnston e t  a l .  1971 ) . On the  bas i s  
of Park vegetation s t ruc ture ,  Park s o i l s  might be expected t o  
contain more moisture than ranch s o i l s .  The number of t r e e s  i n  
the  Park is  much grea te r  than i n  the ranch, and these t r e e s  a re  
undoubtedly e f fec t ive  i n  intercepting cloud o r  fog d r ip ,  which is 
reported t o  be an important component of t o t a l  p rec ip i ta t ion  i n  
the  ecosystem (Juvik & Per re i ra  1973). 
The pH values f o r  parkland s o i l s  ranged from s l i g h t l y  t o  
moderately acid ,  with the ranch s o i l s  being more ac id ic  than 
those of the  Park. Spatz (1973) reported pH values f o r  Keauhou 
Ranch s o i l s  that compare well with the  data col lected i n  the 
present  study. pH values f o r  Park s o i l s  i n  the mountain parkland 
reported by other authors ( ~ a j ~ u t  1965; Myers 1974; Stoner e t  a l .  
1975) range from 5.3 t o  6.5 and substant ia te  the higher pH values 
of Park s o i l s  i n  t h i s  study. The observed differences i n  s o i l  pH 
f o r  t h e  two areas  may be re la ted t o  the  very d i f f e r en t  vegetation 
cover of the  two a reas ,  an ind i rec t  e f f e c t  of grazing. 
Some authors have reported t h a t  grazing tends t o  r a i s e  the 
pH of s o i l s  ( ~ e e b e  & Hoffman 1963; Johnston e t  a l .  1371 ) , while 
the  opposite e f f e c t  has a l so  been a t t r i bu t ed  t o  grazing ( ~ m o l i a k  
e t  a l .  1972). I n  the  l a t t e r  case, increased organic matter was 
the  f ac to r  t h a t  may have stimulated the pH reduction under a 
regime of grazing. Decomposition of organic matter in the  s o i l  
tends t o  reduce the  pH toward the  acid end of the  sca le  ( ~ c ~ a l l  
1973). Spatz (1973) noted a posi t ive  cor re la t ion  between s o i l  
a c i d i t y  and increased organic matter i n  Keauhou Ranch. Higher 
l e v e l s  of organic carbon i n  ranch s o i l s  a re  implicated a s  an 
important f ac to r  r e l a t i ng  t o  the lower pH values noticed i n  ranch 
s o i l s  of the  present study. 
Results  from nut r ien t  analyses of Park and ranch s o i l s  
indicated t h a t  the ranch has not engaged i n  s o i l  f e r t i l i z a t i o n  i n  
the  recent  pas t ,  o r  a t  l e a s t  t h a t  any such e f f o r t s  have had 
l i t t l e  e f f e c t  on the  l eve l s  of four  important macro-nutrients. 
Phosphorus occurred a t  very low leve l s  i n  the  present study, t h i s  
is one nu t r i en t  commonly def ic ien t  i n  Hawaiian pastures ( ~ o u n g e  & 
Otagaki 1959; Plucknett  1970). The ranch's f a i l u r e  t o  f e r t i l i z e  
i s  surpr is ing,  a s  treatment with nitrogen-phosphorus-potassium 
f e r t i l i z e r  has been shown t o  increase the  carrying capacity and 
beef production of Pennisetum ( ~ i k u y u  grass)  pastures i n  Hawaii 
(~amimi  e t  a l .  1963). Spatz (1973) calculated t h a t  several  of 
the  g rass  communities of Keauhou Ranch could y ie ld  double the 
amount of prote in ,  and therefore r e s u l t  i n  double the  beef 
production, i f  the  s o i l  were f e r t i l i z e d .  
Leaf (1 958) reported decreases of phosphorus, potassium, 
calcium, and magnesium i n  f o r e s t  s o i l s  which he a t t r i bu t ed  t o  the 
removal of forage by c a t t l e .  Other w r i t e r s  have presented 
r e s u l t s  indicat ing t h a t  grazing is responsible f o r  reduction i n  
l eve l s  of calcium and sodium ( ~ m o l i a k  e t  a l .  1972), a s  well  a s  
phosphorus ( ~ o h n s t o n  e t  a1 . 1971 ) . A s  f e r t i l i t y  l eve l s  i n  the 
Park and ranch s o i l s  were so  s imi la r  no such influence of grazing 
was noted i n  t h i s  study. 
Organic carbon values f o r  surface s o i l s  of Park re levss  were 
considerably lower than percentage carbon values from the 
mountain parkland presented by o thers  ( s toner  e t  a l .  1975). 
Myers (1974) l i s t e d  percentage organic mat ter  values from s o i l s  
col lec ted under koa t r e e s  ranging from 1 8  .I t o  26.4% (10.5 t o  
15.3% organic carbon ) . Ra jput (1 958) presented f i gu re s  f o r  
percentage organic carbon from parkland s o i l s  ranging from 2.91 
t o  15.8%. Most of h i s  s i t e s  appeared t o  incorporate koa 
colonies; t r e e  l i t t e r  may account f o r  the  higher organic carbon 
values recorded. The community i n  which the lowest value 
occurred was described by Rajput a s  a grassy matrix community 
with sca t t e red  shrubs. Figures f o r  percentage organic carbon i n  
s o i l s  of Kipuka K i  and Kipuka Puaulu (both  f o r e s t  and savanna) 
below the  parkland ecosystem were a l s o  higher than those of the 
Park s o i l s  presented i n  t h i s  study (~ueller-Dombois & Lamoureux 
:367) .  Sato e t  al. (1973) 1%- -: organic carbon determinations 
f o r  Apakuie s e r i e s  s o i l s  whi-.: :e airnos'; &u3:s tt3se of ----" L W ~ b L 1  
s o i l s  and th ree  times a s  large  as  the  organic carbon values of 
Park so i l s .  Nevertheless, the organic carbon values f o r  these 
Park s o i l s  do compare favorably with those reported from other 
t r o p i c a l  grasslands (~ueller-Dombois & Perera 1371 ) and 
grasslands i n  the Hawaiian I s lands  (Y amamoto 1963) . 
There was g r ea t  v a r i a b i l i t y  i n  the values of organic zarbon 
i n  s o i l s  examined during t h i s  study, and several  rakher extreme 
values were recorded. Several  possible explanations f o r  t h i s  
phenomenon e x i s t ,  F i r s t ,  the Walkley-Black method of organic 
carbon analys is  is thought t o  give var iable  r e s u l t s ,  although it 
is a widely used s o i l  t e s t  due t o  the  r ap id i t y  u i t h  which it may 
be ca r r i ed  out (walkley 1947). Second, t h z  ran;= of va r i ab i l f  t y  
f o r  organic matter i n  Hawaiian s o f l s  is reportedly Isrge  ( ~ c C a l l  
1373). Third, the  churning ec2 overturning of s o i l s  i n  the  Park, 
'5h is the consqdence of f e r a l  pig digging a c t i v i t y ,  may be 
2onsible far mixing horizons, bringing l e s s  r i c h  s o i l  t o  the 
surface, and thus lowering organic matter  i n  disturbed patches. 
One of the most confusing r e s u l t s  of t h i s  study is the 
higher organic carbon values i n  ranch s o i l s .  The decrease of 
organic carbon o r  organic matter i n  s o i l s  under a regime of 
grazing has been reported by several  authors  ( ~ e a f  1958; Beebe & 
Hoffman 1958). Johnston e t  a l .  (1971 ) gave increased erosion a s  
well a s  mulch and forage removal a s  causes f o r  reduced organic 
matter  in Canadian s o i l s .  Weaver and Rowland (1 952) found t h a t  
protect ion of a nat ive  p r a i r i e  i n  Nebraska resu l t ed  i n  a 2% 
increase  . i n  the organic matter of surface s o i l s .  The opposite 
case,  where percentage carbon ( a s  well a s  C/N r a t i o )  increased 
under grazing, may be found i n  a study of Canadian p r a i r i e s  
grazed by sheep ( ~ m o l i a k  e t  a l .  1972) . This increase i n  organic 
carbon was a t t r i bu t ed  t o  sheep manure deposits  and a change i n  
species  composition which increased the  amount of shallow roots  
i n  t he  grazed s o i l .  I n  a l a t e r  study, the  authors (~o rmaa r  e t  
a l .  1977) confirmed these f indings of increased organic carbon 
with grazing. Yamamoto (1953) presented data from Hawaiian s o i l s  
ind ica t ing  t h a t  organic matter was somewhat higher i n  pastureland 
(grazed) s o i l s  than i n  s o i l s  of ungrazed o r  "idle" grasslands. 
Dean e t  a l .  (1975) calculated t h a t  43% of the  gross energy 
consumed by c a t t l e  on a short-grass p r a i r i e  was returned t o  the 
s o i l  i n  the form of faecal  material .  Their conclusion was t h a t  
the  major impact of the grazing animals was the  diversion of 
above-ground biomass from the l i t t e r  component. I n  the  present 
study,  there  appeared t o  be l i t t l e  diversion from the  l i t t e r  
component of the  ranch relevgs, s ince  l i t t e r  cover was higher 
the re  than i n  the  Park relevEs. It is possible,  though, t ha t  
organic material  returned t o  the s o i l  i n  faecal  material  is  more 
read i ly  broken down and incorporated i n t o  the s o i l .  Also the 
deposit ion of feces  may serve t o  loca l ize  t h i s  organic matter, 
and chance may account f o r  the higher values recorded f o r  ranch 
re levss .  
Organic carbon was the key s o i l  property of t h i s  study which 
could be corre la ted t o  other s o i l  r esu l t s .  Higher ranch values 
f o r  t h i s  property influenced the  lower bulk density and higher ,  
moisture re ten t ion  propert ies,  a s  well a s  the  increased ac id i ty  
observed i n  ranch so i l s .  A number of f ac to r s  may be considered 
i n  order t o  attempt iden t i f i ca t ion  of the  underlying cause of 
t h i s  ranch organic carbon accumulation. 
The d i f f e r i ng  composition of p lan t  species i n  the  two areas 
may covert ly influence the s o i l  organic matter. Decomposition 
r a t e s  of p lan t  l i t t e r  may be d i f f e r en t  i n  two areas  where the 
p l an t s  t h a t  cons t i tu te  the l i t t e r  d i f f e r  ( ~ o g l  1969; Williams & 
Gray 1374). The ranch grasses might conceivably be l e s s  
r e s i s t a n t  t o  decomposition and re lease  more organic matter t o  the  
s o i l .  The d i f f e r en t  grass  species of Park and ranch may vary a s  
t o  the  amount of nitrogen i n  t h e i r  t i s sues .  More s o i l  organic 
matter  would r e s u l t  from the decomposition of p lan t s  with t i s sues  
high i n  nitrogen ( ~ c c a l l  1973). Along the  same l i n e ,  Weaver and 
Rowland (1952) reported t h a t  p lant  species i n  t h e i r  p r a i r i e  study 
d i f f e r ed  i n  t h e i r  a b i l i t y  t o  enrich the so i l .  Concerning the 
mountain parkland, it is conceivable t h a t  nu t r ien t  cycling i s  
such t h a t  i n  the  Park a greater  percentage of the organic matter 
of t he  ecosystem i s  bound within the  l iv ing  plant  t i s sue ,  a s  the 
Park surely  has a g rea te r  biomass than the  ranch. 
The d i f f e r i ng  root  d i s t r ibu t ions  of unlike grass  species may 
influence the amount of organic matter  i n  so i l s .  Smoliak e t  a l .  
(1972) proposed t h a t  the dense, shallow roots  of grass  species 
made prevalent by sheep grazing were the cause of increased s o i l  
organic carbon i n  ranch so i l s .  Daubenmire and Colwell (1942) 
presented much the  same explanation f o r  higher observed organic 
matter  f o r  s o i l s  under a regime of grazing. 
Another pos s ib i l i t y  f o r  t h i s  d i s p a r i t y  may involve a 
d i f ference i n  microbiological a c t i v i t y  i n  the  ranch and Park. 
S o i l s  of the  ranch were more acid ,  which could have stimulated 
fungal  a c t i v i t y  ( s toner  e t  a l .  1975) and l ed  t o  higher amounts of 
organic matter  entering s o i l  from the  l i t t e r  layer. Acid s o i l s  
may accumulate organic matter by slowing its fu r t he r  
decomposition  t the ring ton 1975) . 
A s  fog in tercept ion is  thought t o  be an important component 
of parkland prec ip i t a t ion ,  the  dear th  of t r e e s  i n  the  ranch may 
lessen the  moisture entering the s o i l s  there.  A s  the parkland 
cl imate is  seasonal with dry summers, the  lack of addi t ional  
moisture from fog in tercept ion during dry periods may cause ranch 
s o i l  moisture t o  be more seasonally va r iab le  than t h a t  of Park 
s o i l s .  This f a c to r  may contr ibute  t o  a lessened degree of 
leaching of organic matter from the s o i l s ,  provided t h a t  moisture 
is no t  so l imited a s  t o  impair the fungal  a c t i v i t y  of l i t t e r  
decomposition. Also, the fu r the r  decomposition of organic matter 
may be seasonally disrupted i n  ranch s a i l s ,  while being 
continuous i n  Park s o i l s  with t h e i r  more uniform moisture 
content. Another pos s ib i l i t y  is  t h a t  types  of fungal species 
with d i spara te  r a t e s  of organic mat ter  u t i l i z a t i o n  may 
character ize  the s o i l s  of park and ranch. Most of these  ideas 
a r e  of a conjectura l  nature and a r e  unsupportable i n  the 
framework of the  present study. 
CONCLUSIONS 
This  study has de ta i l ed  the  e f f e c t s  of c a t t l e  on the 
vegeta t ion and s o i l s  of the mountain parkland ecosystem, 
completing the  preliminary invest igat ions  of the impact of 
introduced mammals on the vegetation of the ecosyste~rr. Each 
technique u t i l i z e d  t o  evaluate the vegetat ion of t h i s  ecosystem 
led  t o  the  conclusion t h a t  c a t t l e  grazing was responsible f o r  the 
a l t e r a t i o n  of the s t ruc tu re  and f l o r i s t i c  composition of the 
mountain parkland. I n  addit ion,  the  graphic method of c l u s t e r  
ana lys i s  by dendrograph supported the  second hypothesis regarding 
t he  suppression of a l t i t u d i n a l  va r ia t ion  i n  vegetation by ca t t l e .  
The s o i l  r e s u l t s  were not  e n t i r e l y  a s  expected and did not  
subs tan t ia te  the t h i r d  hypothesis t h a t  c a t t l e  grazing had 
detr imental  e f fec t s  on parkland s o i l s .  The f a i l u r e  of the 
r e s u l t s  of t h i s  study t o  val idate  t h i s  t h i r d  hypothesis may be a 
funct ion of the  time f ac to r  involved. After  more than a century 
of grazing, vegetation of the parkland appears t o  have been more 
r ead i l y  af fected by the  presence of c a t t l e  than have s o i l s .  
Since the  s o i l  underlying the a l t e r ed  vegetat ion of the  ranch 
por t ion  of t h i s  study showed no r e a l  de te r io ra t ion ,  there  is 
always the pos s ib i l i t y  t h a t  the na tu ra l  parkland vegetat ion may 
become r e e s t a b l i s h e d  i n  the  future .  
The mountain parkland is a small but  d i s t i n c t  ecosystem 
along the  Mauna Loa t ransec t ,  representing a type of vegetat ion 
formerly more widespread, but  present ly  much reduced on the  
i s l and  of Hawai'i. When t h i s  area  was incorporated i n t o  Hawaii 
Volcanoes National Park, it was valued not  a s  a remnant of a 
disappearing vegetat ion,  but  merely a s  an access t o  the  Mama Loa 
summit from the  l a rge r  Kilauea sect ion of the  Park ( ~ p p l e  1954). 
I t  is unfortunate t h a t  a l a rger  segment of t h i s  ecosystem was not  
s e t  as ide  50 years  ago, f o r  i n  its present  l imi ted condit ion the  
mountain parkland is more vulnerable t o  man-made disturbances 
such a s  the f i r e  which burned over a thousand acres  of koa 
studded grassland i n  August 1975. Nevertheless, i f  such 
disturbances a r e  infrequent, the mountain parkland of Mauna Loa 
w i l l  remain an important remnant of a disappearing Hawaiian 
ecosystem. 
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TABLE 1. Origin of grass species found in relevBs 
\ 
Andropogon 
virginicus 
Anthoxanthum 
odora tum 
Axonopus 
af f inis 
Bromus 
rigidus 
C ynodon 
dactylon 
Deschampsia 
australis 
Eragrostis 
brownei 
Holcus 
lana tus 
Panicum 
- . - . . . . 
tenuifolium 
Paspalum x 
dilatatum 
Pennisetum 
clandestinum 
Sporobolus x 
af ricanus 
North and Central 1932 
America 
Eurasia I905 
Tropical America 1912 
and South U.S. 
Europe 1905 
0 ld World 1835 
Hawaiian Islands endemic 
Australia I905 
Europe 1906 
Hawaiian Islands endemic 
South America 1906 
Tropical Africa 1924 
South Africa 1905 
(~hitney , Hosaka, and Ripperton 1964 ) 
TABLE 2 .  Percentage cover of exotic and indigenous plants in 
study relevss 
TABLE 3. Braun-Blanquet cover abundance sca le  
Numerous but  l e s s  than 5% cover 
5-25% cover 
25-50% cover 
4 50-75% cover 
More than 75% cover 
5(+)  Few with small cover 
7 ( r )  So l i t a ry  with small cover 
TABLE 4. Two-way s y n t h e s i s  t a b l e  o f  p a r k l a n d  c o v e r  d a t a  made w i t h  66 /33  t h r e s h o l d  v a l u e s  
S i t e  1 2 2 2 3 3 3 4 4 4 5 5 5 6 6 6 7 7 7 8 8 8 1 1 2 2 2 3 3 3 4 4 5 5 5 6 6 7 7 7 8 8 8 1 4 6  
P P P P P P P P P P P P P P P P P P P P P P R R R R R R R R R R R R R R R R R R R R R P R R  
Relevd 2 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 4 5 4 5 6 4 5 6 4 5 4 5 6 4 5 4 5 6 4 5 6 1 6 6  
S p e c i e s  Group 1 
S p e c i e s  . . . . . . . . . . . . . . . . . . . . . .  
Deschampsia 
a u s  t  r a l i s  2 2 2 1 2 1 2 3 3 . 2 3 3 2 3 2 2 4 4 2 3 3 2  
Holcus  
1 ana t u s  
Carex 
-
wahuens i s  
Sporobo lus  
a £  r i c a n u s  
Cat tl 'e 
f e c e s  
Axonopus 
af f i n i s  
E r a g r o s t i s  
b r o m e i  
Pennise tum 
c l a n d e s t i n u m  
. . . . . . . . . . . . . . . . . . . . . .  
.I 
S p e c i e s  Group 2  -A 
. . . . . . . . . . . . . . . . . . . . . . . .  
L i  t c e r  3 2 2 2 2 j 2 3 3 2 3 3 2 2 3 2 2 3 2 2 2 2 3 3 3 3 2 3 3 2 3 3 3 3 2 3 3 2 2 2 3 3 2 2 2 2  
Hypochoer ie  
r a d i c a t a  ' 5 1 1 6 1 6 5 1 1 1 1 6 6 1 5 1 1 1 1 1 2 1 1 6 1 1 1 1 1 1 1  6 1 6 1 6 6 2 6 1 1 6 6 6  
Anthoxanthum 
odora tum 1 2 2 6 2 1 6 1 2 6 2 2 2 2 1 6  
Bare  
s o i l  6 2 2 1 2  1 2 1 1 1 2 1 2 2 1 1 1 1 2 2 2  1 1 2 2 2 1  1 1 1 2 2 1 6 1 1 6 2  2  2 
TABLE 4. (Continued) Tvo-way e y n t l ~ r s i s  t a b l e  o f  pa rk land  cover  d a t a  made w i t h  66/33 t h r e s h o l d  v a l u e s  
S i t e  1 2 2 2 3 3 3 4 4 4 5 5 5 6 6 6 7 7 7 8 8 8 1 1 2 2 2 3 3 3 4 4 5 5 5 6 6 7 7 7 8 8 8 1 4 6  
P P P P P P P P P P P P P P P P P P P P P P R R R R R R R R R R R R R R R R R R R R R P R R  
Relev; 2 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 4 5 4 5 6 4 5 6 4 5 4 5 6 4 5 4 5 6 4 5 6 1 6 6  
Spec ies  
Exposed 
rock 6 1 6 1  6 1 6 . 6 1 1 1 1 2 1 6 6 1 2 1 2  6 1 2 1 2 1 6 1  1 1 1 1  1 1 6 6 2  1 1  
Pceridium 
aquilinum 2 2 2 1 2 1 1 2 1 1 1 3 6 1  1 6 6 6 6 2 1 1 1 6 1 2 2 6 1 1 6 1  2 1 6  
S t y p h e l i a  
t m e i m e i a e  1 1 3  6 3  4 3  4 3  3 4  2  3 1 3 6 6 4  6  3  2  3 
pumex 
3  3  
a c e t o s e l l a  6 6 6  6 1  6  6  6  6  6 1 6 6 6  6  6  6  6  6  
Paspalum 
di lacatum 2 2 1 6 1 3 2  6 6  6  6 6  6  1 1 6  1 2  
Panlcum 
tenu i fo l ium 6  1 1 1 1  1 1 6 6  
:arex 
macloviana 6  6  1 6  6  
- 0 C U S  
6  4 
Q, 
angust iss i rnus 6  6  1 6 
laccinium 
reciculatum 3  6  2  
' l a n t a s o  
l a n c e o l a t a  6  6  6  
~odonaea 
sandwicensis  6  3  1 
ead 1 
wood 
nd ropogon 
v i r g i n i c u s  7  
i r s ium 
vu lgare  
TABLE 4 .  (Continued) Two-way s y n t h e s i s  t a b l e  o f  parkland cover data  made w i t h  66/33 threshold v a l u e s  
S i t e  1 2 2 2 3 3 3 4 4 4 5 5 5 6 6 6 7 7 7 8 8 8 1 1 2 2 2 3 3 3 4 4 5 5 5 6 6 7 7 7 8 8 8 1 4 6  
P P P P P P P P P P P P P P P P P P P P P P R R K R R K R R R R R R R R R R R R R R R P R R  
Relev6 2 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 4 5 4 5 6 4 5 4 5 6 4 5 6 4 5 4 5 6 4 5 4 . 5 6 4 5 6 1 6 6  
Spec iee  
Cynodon 
dacty lon  
Coprosma 
emodeo ides  
Acacia 
koa 
-
Hedicago 
SP. 
Veronica 
p l e b e i a  
Epilobium 
cinereum 
Centaurium 
umbellacum 
Tree 
root  
Rtracornicrium 
SP. 
Usnea 
SP - 
Coat 
droppings 
Bromus 
r i g i d u s  I 7 
Juncus 
t e n u i s  7 
Fragaria 
vesca  6 

TABLE 5 .  Textura l  c l a s s i f i c a t i o n  of A horizon s o i l s  a t  
s e l e c t e d  s i t e s  
1 4500 535 35% 12% loam 59$ 33% 8% sandy 
1 oarn 
5 5400 ' 52% 39% 9% sandy 53% 40% 7% sandy 
1 oam 1 oam 
8 6000 ' 51% 39% 10% loam 49% 431 3% sandy 
loam 
TABLE 7 .  Poros i ty  o r  percentage t o t a l  pore space of s o i l s  
TABLE 5 .  Corre la t ion  coef f i c ien t s  ( r )  between percentage 
organic carbon and other s o i l  p roper t i e s  
Organic Carbon Organic Carbon 
A Horizon B Horizon 
Bulk dens i ty  -0.79 
F i e l d  capaci ty  +O .82 
Permanent wi l t ing  percentage +O .89 


TABLE 9.  (Continued) Percentage  cover  o f  s p e c i e s  i n  g r a s s  cofnmunity r e l e v 6 3  
S i t e  Number and Locat ion  
S p e c i e s  1 2 3 4 5 .  6 7 8 
Park Ranch Park Ranch Park Ranch Park Ranch Park Ranch Park Ranch Park Ranch Park Ranch 
Epllobium 
clnereum ( X )  
Juncus 
t e n u i s  ( X )  
Bromus 
r i g i d u s  ( X )  
Acacia  
koa ( E )  
-
Usnra 
SP. 


TABLE 10. (Continued) Percentage  cover  of s p e c i e s  i n  shrub  community r e l e v i s  
S i t e  Number and Locat ion 
Spec ies  2 3 4 5 6 7 8 
Park Ranch Park Ranch Park Ranch Park  Ranch Park Ranch Park  Ranch Park Ranch 
Acacia 
-
koa (E) 
- 0.4 
Plantago  
l a n c e o l a t a  (X) 
Goat 
f e c e s  
Tree 
root  
TABLE 11. ( C o n t i n u e d )  Mean h e i g h t  (cm) of s p e c i e s  i n  g r a s s  community r e l e v 6 s  
S i t e  Number and  L o c a t i o n  
S p e c i e s  1 2 3 4 5 6 7 8 
P a r k  Ranch P a r k  Ranch P a r k  Ranch P a r k  Ranch P a r k  Ranch P a r k  Ranch P a r k  Ranch P a r k  Ranch 
H y p o c h o e r i s  
r a d l c a t a  
Rurnex 
a c e c o s e l l a  
Ve r o n  1 c a  
p l e b e i i l  
P l a n c a g o  
l n n c e o l a c a  
Epi lob iurn  
c i n e  reum 
C i  is i urn 
v u l g a r e  
S t y p h e l i a  
carneiarneiae 
Vacc in ium 
r e c i c u l a c u m  
Dodonaea 
s a n d w l c e n s i s  

TABLE 12. Mean h e i g h t  (cm) of  s p e c i e s  i n  shrub  community r e l e v g s  
S i t e  Number and Loca t ion  
2 3 4 5 6 7 8 Spec ie s  
Park  Ranch Park Ranch Park  Ranch Park  Ranch Park  Ranch Park  Ranch Park  Ranch 
S t y p h e l i a  
tameiameiae 
Vaccinium 
r e t i c u l a t u m  
Dodonaea 
sandwicens is  
Deschampsia 
a u s t r a l i s  
Holcus 
l a n a  t u s  
Panicum 
t enu i fo l ium 
Anthoxanthum 
odoratum 
Sporobolus 
a£ r i c a n u s  
Axonopus 
a f  f  i n i s  
E r a g r o s t i s  
b r o w n e i ~  
Paspalum 
d i l a t a t u m  

TABLE 13. Two-way synthesis table of parkland cover data made with 66/10 threshold values 
Site 1 1 2 2 2 3 3 3 4 4 5 5 5 6 6 7 7 7 8 8 8 1 1 2 2 2 3 3 3 4 4 4 4 5 5 5 6 6 6 6 7 7 7 8 8 8  
R R R R R R R R R R R R R R R R R R R R R P P P P P P P P P P P R P P P P P P R P P P P P P  
~elev6 4 5 4 5 6 4 5 6 4 5 4 5 6 4 5 4 5 6 4 5 6 1 2 1 2 3 1 2 3 1 2 3 6 1 2 3 1 2 3 6 1 2 3 1 2 3  
Species * * * * * * * * * * * * * * * x ~ * * * x  
Sporobolus 
afrieanus 2 2 3 3 2 2 3 2 3 3 3 2 2 2 2 3 3 2 2 1 1  
Cattle 
feces 6 1 1 1 6 6 1 6 1 2 1 1 1 6 6 1 1 6 1 1 6  
Axonopus 
aff inis 6 1 2 1 2 2 2 1 2 2 6 2 1 1 1 2 2 6 2 6 6  
Pennisetum 
clandestinum 3 3 6 1 1 1  2 2 3 2 1  
Ilypochoeris 
radicaca 1 6 1 1 1 1 1 1 1 ~  6 1 6 1 6 6 2 6 1 1 6 6 1 1 6 1 6 6 1 1 1 6 1 6 6 1 6 1 6 1 1 1 1 2 1  
Anthoxanthum 
odorac urn 2 2 2 2 2 2 2 1 2 1 2 2 1 2 2 2 2 1 2 2 2 6 1 2 2 6 2 1 6 1 2 6 1 2 2 2 2 1 6 2  6 6 
Bare 
soil 
Exposed 
rock 
Pteridium 
aquilinum ' 6 6 2 1 1 1 6 1 2 2 6 1 1 6 1  
Deschampsia 
auscralis 
Holcus 
lanatus 6 6 
TABLE 1 3 .  (Cont inued)  Two-way synthesis t a b l e  of p a r k l n r ~ d  c o v e r  d a t a  made w i t h  6 6 / 1 0  t h r e e h o l d  v a l u e s  
S i t e  1 1 2 2 2 3 3 3 4 4 5 5 5 6 6 7 7 7 8 8 8 1 1 2 2 2 3 3 3 4 4 4 4 5 5 5 6 6 6 6 7 7 7 0 8 8  
R R R R R R R R R R R R R R R R R P R R R P P P P P P P P P P P R P P P P P P R P P P P P P  
R e l e v 6  4 5 4 5 6 4 5 6 4 5 4 5 6 4 5 4 5 6 4 5 6 ~ 2 1 2 3 1 2 3 1 2 3 6 1 2 3 1 2 3 6 1 2 3 1 2 3  
S p e c i e s  
S t y p h e l i a  
tameiarneiae 
Humex 
-
a c e c o s e l l a  6  6 1 6 6 6  6 6  
Paspalum 
d i l a c a t u m  6  6  6  
Carex 
wahuens ls  
Panicum 
t e n u i f o l i u m  
Carex 
-
macloviana 
Vacciniurn 
r e c i c u l a t u m  
P l a n c a g o  
l a n c e o l a t a  
Dodonaea 
s a n d w i c e n s i s  
Dead 
wood 
Andro o o n  
virg:n:cus ' 
Cirs ium 
v u l g a r e  
Cynodon 
d a c t y l o n  
TABLE 13 .  (Continued) Two-way s y n t h e s i e  t a b l e  of  parkland cover  da ta  made w i t h  66 /10  thresho ld  v a l u e s  
S i t e  1 1 2 2 2 3 3 3 4 4 5 5 5 6 6 7 1 7 8 8 8 1 1 2 2 2 3 3 3 4 4 4 4 5 5 5 6 6 6 6 7 7 7 8 8 8  
R R R R R R R R R R R R R R R R R R R R R P P P P P P P P P P P R P P P P P P R P P P P P P  
~ e l e v i  4 5 4 5 6 4 5 6 4 5 4 5 6 4 5 4 5 6 4 5 6 1 2 1 2 3 1 2 3 1 2 3 6 1 2 3 1 2 3 6 1 2 3 1 2 3  
S p e c i e e  
Coprosrna 
ernodeo ides  
Acacia  
koa 
7
Hed 1 cago 
9P - 
Veronica  
p l e b e i a  
Epilobium 
c i n e  reum 
Centaurium 
umbel lacum 
Tree 
roo t  
Usnea 
-
SP - 
Goat 
droppings 
Bromus 
r i g i d u s  
Juncus 
t e n u i s  4 7 
TABLE 14. Tuo-way synthesis t a b l e  o f  p a r k l a n d  c o v e r  d a t a  made w i t h  66 /20  t h r e s h o l d  v a l u e s  
-- 
S i t e  2 2 3 4 4 5 5 6 6 7 8 8 1 1 2 2 2 3 3 3 4 4 5 5 5 6 6 7 7 7 8 8 8 1 1 2 3 3 4 4 5 6 6 7 7 8  
P P P P P P P P P P P P R R R R R R H R R R K R R K R R R K R R R R R R R P P P P P P R P P R P P P  
~ e l e v i  1 2 1 1 2 2 3 1 2 3 1 2 4 5 4 5 6 4 5 6 4 5 4 5 6 4 5 4 5 6 4 5 6 1 2 3 2 3 3 6 1 3 6 1 2 3  
Carex 
w a h u r n s i s  1 1 1 1 6 2 6 6 6 6 6 2  
Panicum 
c e n u i f o l i u m  6  1 1 1 1 1 1 6  6  1 6  2  
Sporobo lus  
a f r i c a n u s  6  6  
C a c c l e  
f e c e s  
Axonopus 
a f f i n i a  
E r a g r o s t i s  
brownel  
Penn i se tum 
c l a n d e s t i n u m  
L i t t e r  2 2 2 3 3 3 2 2 3 2 2 2 3 3 3 3 2 3 3 2 3 3 3 3 2 3 3 2 2 2 3 3 2 2 3 2 3 2 2 2 3 2 2 2 3 2  
Hypochoe r i s  
r a d i c a t a  1 1 1 1 1 6 6 1 6 1 1 2 1 6 1 1 1 1 1 1 1  6 1 6 1 6 6 2 6 1 1 6 6 6 6 6 1 6 1 1 6 1 1 1  
Anthoxanthum 
odoracum 2 2 2 1 2 2 2 2 1 6  6 2 2 2 2 2 2 2 1 2 1 2 2 1 2 2 2 2 1 2 2 2 6 1 6 1 6 6 1 2 6 2  
1 
Bare  
s o i l  2 2 2 2 1 2 1 2 2 1 2 2  1 1 2 2 2 1  1 1 1 2 2 1 6 1 1 6 2  6  1 1 1 2 1 1 2 1 1 2  
Exposed 
rock  6 1 1 1 6 1 1 1 2 1 2 1  6 1 2 1 2 1 6 1  1 1 1 1  1 1 6 6 2  6  6 6 1 1 1 1 6 6 2  

TABLE 14 .  (Continued) Two-wny s y n t h e s i s  t n b l e  o f  parkland cover  da ta  made w i t h  66 /20  t h r e s h o l d  v a l u e s  
S i t e  2 2 3 4 4 5 5 6 6 7 8 8 1 1 2 2 2 3 3 3 4 4 5 5 5 6 6 7 7 7 8 8 8 1 1 2 3 3 4 4 5 6 6 7 7 8  
P P P P P P P P P P P P R R R R R R R R R R R R R R R R R R R R R P P P P P P R P P R P P P  
~ e l e v 6  1 2 1 1 2 2 3 1 2 3 1 2 4 5 4 5 6 4 5 6 4 5 4 5 6 4 5 4 5 6 4 5 4 5 6 4 5 6 1 2 3 2 3 3 6 1 3 6 1 2 3  
S p e c i e s  
Acac ia  
koa 
-
Veronica 
p l e b e i a  
Ep i lo l ium 
cinereum 
Centaurium 
umbellaturn 
Tree 
r o o t  
Rhacomitrium 
SP - 
Usnea 
SP- 
Goat 
droppinge  
Bromus 
r i g i d u e  
Juncus 
t e n u i s  
Fragar ia  I 
v e s c a  
-
TABLE 15. Data from p a r k  s o i l  p i t s  
S i t e  E l eva t ion  Depth of  ~~~i~~~ Thickness  of Color o f  A i r  Munsell  Color  
S o i l  P i t  (cm) Horizon (cm) Dried S o i l  Nota t ion  
V. dk. g r .  brown 
Dark brown 
V. dk. g r .  brown 
Dark brown 
V.  dk. g r .  brown 
V. da rk  brown 
Dark brown 
~ r o w n / d k .  brown 
Dark brown 
Brown/dk. brown 
V. dk. g r .  brown 
Dark brown 
Dk. red .  brown 
Dk. r ed .  brown 
V. dk. g r .  brown 
V.  da rk  brown 
TABLE 16. Data from ranch s o i l  p i t s  
S i t e  E leva t ion  Depth of Horizon Thickness  of Color of A i r  Munsell  Color  
S o i l  P i t  ( c m )  Horizon ( c m )  Dried S o i l  Nota t ion  
1 4600 ' 31 A 31 Dk. red .  brown 5YR 2.5/2 
2 4 800 ' 17  A 1 7  Dark brown 7.5YR 312 
3 5000 ' 3 6 A 36 Dark brown 7.5YR 312 
4 5200' 4 3 A 14  V.  dk. g r .  brown l O Y R  312 
B 2 9 Dark brown l O Y R  3 /3  
5 5400' 2 9 A 10 V. dk. g r .  brown l O Y R  3/2 
B 19 Dk. y e l .  brown l O Y R  314 
6 5600 ' 12 A 5 Dk. red.  brown 5YR 312 
B 7 Dk. red .  brown 5YR 314 
7 5800 ' 24 A 9 Dk. red .  brown 5YR 2.512 
B 1 5  Dk. red .  brown 5YR 312 
8 6000 ' 6 A 6 Dark brown 7,5YR 312 
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TABLE 18. Percentage moisture of  park and ranch s o i l s  a t  field capaci ty  
(0 .3  b a r )  and permanent w i l t i n g  percentage (15 bar)  
Park Ranch 
S i r e  Elevat ion Horizon 
X a t F C  % a t P W P  % a t F C  %atPWP 
TABLE 19. Bulk densi ty  (g/  an3) , pH, and percentage organic carbon of 
s o i l s  i n  re lev& 
S i t e  Elevation Horizon Park Ranch 
BD pH % OC BD pH % OC 

TABLE 20. (Continued) F e r t i l i t y  of  s o i l s  i n  park  and ranch r e l e v &  
S i t e  E leva t ion  ~ e l e v ;  Horizon P K Ca Mg 
Locat ion lb /Acre  lb /Acre  l b l b c r e  lb /Acre  
Park  
Park  
Ranch 
Ranch 
Park  
Pa rk  
Ranch 
Ranch 
Trace  
2 5 
Trace  
<25 
<25 
Trace  
Trace  
7 5800 ' Park  A <25 120 4000 250 
7 5800' Park  B Trace  80 500 <250 
8 6000' Ranch A Trace  160 4000 250 
8 6000 ' Park  A <25 160 4000 250 
8 6000 ' Park B Trace  40 5000 <250 
4 
a ~ e t e r m i n e d  by t h e  S o i l  T e s t i n g  S e r v i c e  of  t h e  Un ive r s i t y  of Hawaii - U.S.D.A. Coopera t ive  
Extens ion  S e r v i c e  u s i n g  a r a p i d  t u rb idome t r i c  o r  c o l o r i m e t r i c  method. 
FIG. 1 .  A map o f  Hawaii Volcanoes 
National Park (delimiting the study area) 
and (showing the location o f  13 o f  the 
study sites). 

FIG. 2. Percentage cover of m a j o r  
plant species in grassland relevEs o f  
park and ranch. 
SITE NO. SITE NO. 
F I G .  3 .  P e r c e n t a g e  c o v e r  o f  m a j o r  
p l a n t  s p e c i e s  i n  s h r u b  r e l e v G s  o f  p a r k  
a n d  r a n c h .  
RANCH SPECIES 
Holcus 
Ionatus 
Carex 
wa huensis 
Panicurn 
tenuifoliurn 
Dodonaea 
sandwicensis 
Sporobolus 
africanus 
Axonopus 
af f inis 
Eragrostis 
brownei 
jtyphelia 
tarneiameiae 
iypoc hoeris 
radicata 
- 
lnthoxant hum 
odoraturn 
lescharnpsia 
australis 
~teridium' 
aquilinurn 
Vocciniurn 
reticulaturn 
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O/' SIMILARITY 
SITE NUMBER P,?Z ELEVATION ( f t  ) 
F I G .  6. M e a n  s o i l  d e p t h  a t  p a r k  a n d  r a n c h  s i t e s .  
SITE NUMBER AND ELEVATION (ft  ) 
F I G .  7. B u l k  d e n s i t y  o f  s o i l  at p a r k  a n d  r a n c h  
s i t e s  ( A  horizon). 
SITE NUMBER AND ELEVATION ( ft ) 
F I G .  8. W a t e r  c o n t e n t  a t  f i e l d  c a p a c i t y  (0.3 b a r )  
o f  A h o r i z o n  s o i l s  f r o m  p a r k  a n d  r a n c h  s i t e s .  
4600 4800 5000 5200 5400 5600 5800 6000 
SITE NUMBER AND ELEVATION ( f t  ) 
F I G .  9 .  W a t e r  c o n t e n t  a t  f i e l d  c a p a c i t y  ( 0 . 3  b a r )  
o f  B h o r i z o n  s o i l s  f rom p a r k  a n d  r a n c h  s i t e s .  
4600 4800 5000 5200 5400 5600 5800 6000 
SITE NUMBER AND ELEVATION ( ft ) 
F I G .  10. W a t e r  c o n t e n t  at p e r m a n e n t  w i l t i n a  
p e r c e n t a g e  ( 1 5  b a r )  o f  A h o r i z o n  s o i l s  f r o m  D i r k  a n d  8 -  - - 
r a n c h  s i t e s .  
SITE NUMBER AND ELEVATION ( f t  ) 
F I G .  1 1 .  W a t e r  c o n t e n t  a t  p e r m a n e n t  w i l t i n g  
p e r c e n t a g e  ( 1 5  b a r )  o f  I3 h o r i z o n  s o i l s  f r o m  p a r k  a n d  
r a n c h  s i t e s .  
RANCH 
SITE NUMBER AND ELEVATION ( f t  ) 
F I G .  1 2 .  P e r c e n t a g e  o r g a n i c  c a r b o n  o f  A h o r i z o n  
s o i l s  f rom p a r k  and  r a n c h  r e l e v E s .  
SITE NUMBER AND ELEVATION ( f t  ) 
F I G .  13. P e r c e n t a g e  o r g a n i c  c a r b o n  o f  B h o r i z o n  
s o i l s  f r o m  p a r k  a n d  r a n c h  r e l e v z s .  
SITE NUMBER AND ELEVATION ( f t )  
F I G .  14. pH values for A horizon soils of park 
and  r a n c h  r e l e v G s .  
SITE NUMBER AND ELEVATION ( f t )  
7. 
6 
5 
0- 
F I G .  1 5 .  pH v a l u e s  f o r  B h o r i z o n  s o i l s  o f  p a r k  
a n d  r a n c h  r e l e v i 3 s .  
4600 4800 5000 5200 5400 5600 5800 6000 
1 I I I I I I 1 
2 
PARK 
- 
\ 
\ 
\ 
'A 
- 
- 
7 
L 
I 1 I I I I I I 
7 
L- 
I 2 3 4 5 6 7 8 
F I G .  1 6 .  F e r t i l i t y  l e v e l s  o f  f o u r  n u t r i e n t s  
i n  A h o r i z o n  s o i l s  o f  p a r k  a n d  r a n c h  r e l e v z s .  
ELEV. (f t ) RANCH SOILS PARK SOILS 
VERY LOW LOW MOD HIGH VERY LOW LOW MOD HlGH 
FERTILITY LEVEL FERTILITY LEVEL 
F I G .  1 7 .  F e r t i l i t y  l e v e l s  o f  f o u r  n u t r i e n t s  
i n  B h o r i z o n  s o i l s  o f  p a r ' k  a n d  r a n c h  r e l e v ' e s .  
ELEV. ( 
6000- 
5800- 
5600- 
5400- 
5200- 
5000- 
4800 
4600 
RANCH SOILS 
- 
PARK SOILS 
VERY LOW LOW MOD HIGH VERY LOW LOW MOD HIGH 
FERTILITY LEVEL FERTILITY LEVEL 
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